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In the air phenomenal advances have been made in a 
brief span of time. Speeds have increased enormously. 
Continents are now overfiown non-stop. Each year 
the volume of air traffic grows greater. 

Such progress has been possible only because essential 
services have kept pace on the ground. In the not- 
so-distant past when BP began fuelling operations, 
it sufficed to use 2-gallon cans man-handled from an 
open lorry. Now the latest airliners require 20,000 
gallons a ‘hop’, to be delivered—because of ever swifter 


turn-rounds— in less than 20 minutes. 


THE AVIATION SERVICE OF 


SBRIT*(gon PETROLEUM 
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By unceasing research and technical development AIR 
BP, the pioneer of turbine fuelling, is prepared for this 
challenge. Its latest 10,000 gallon super-fuellers deliver 
at 750 gallons a minute; its hydrant systems carry fuel 
underground right to the aircraft at even higher flow 
rates. With a new range of lubricants and special pro- 
ducts, improved methods of filtration, a complex ground 
organisation to support aviation, ark BP is poised 


today for even greater achievements. 
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Scene depicts an intermediate stage 
in the establishment. of an Atlas 
space-station 400 miles above the 
Earth.-Convair Astronautics. 


Astronautics in London 


THE Government’s decision to embark on a programme of space- 
research will be welcomed by all members of the British Interplane- 
tary Society, for we have been among the most vocal campaigners 
for action of this kind. Indeed we have taken the initiative in 
organising the Ist Commonwealth Spaceflight Symposium which 
will be held at Church House, Westminster, on 27-29 August. 
Already tremendous interest surrounds this function and we shall 
be welcoming visitors from many lands. 

So many important papers are scheduled for presentation that it 
has been impossible to accommodate them all in the two days 
originally planned for this Symposium, which has now to be extended 
an extra day. The aircraft, missile and radio industries have been 
particularly responsive—with six papers from the Hawker-Siddeley 
Group alone and a wide selection from such firms as De Havilland 
Propellers, Bristol-Aerojet, Normalair and Pye of Cambridge. 

The De Havilland contribution will be particularly relevant in 
view of the Government’s plans to initiate design studies of satellite 
launching vehicles. With the title, ““General Review of a British 
Space Flight Project Based on Blue Streak,” the paper will consider 
the overall engineering problems, taking into account the total 
system, launching sites, ground support equipment and range 
facilities, as well as the basic vehicle and its extra stage or stages 
culminating in the satellite. 

We also welcome the co-operation of Professors Massey and 
Lovell in obtaining speakers from the Universities. The University 
of Manchester, for example, is providing a paper entitled, ““The 
Jodrell Bank Radio Telescope as a Space Communicator.” 

These, then, are the prospects for the Ist Commonwealth Space- 
flight Symposium; but we must not overlook the fact that these 
activities are but the prelude to a further crowded week of space- 
flight discussions when from 31 August to 5 September this Society 
will be host to the World’s leaders in astronautics at the 10th Con- 


gress of the International Astronautical Federation. 
K. W. G. 
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A four-man experimental space station could be 
established in permanent orbit 400 miles above the 
Earth within five years with the Atlas intercontinental 
ballistic missile. 


The “Atlas Manned Space Station,”” proposed by the 


Convair Astronautics Division of General Dynamics 
Corporation and conceived by Krafft Ehricke, assistant 
to the technical director of Convair-Astronautics, would 
be the primary unit of a complete Atlas orbital system. 
In addition to the space station, the system would 
include a cargo ship and a four-passenger ferry vehicle, 

Derived from the Atlas Intercontinental Ballistic 
Missile, now in pilot production at Convair-Astro- 
nautics in San Diego, California, the project capitalizes 
on the fact that the Atlas, relieved of its warhead and 
associated weapons equipment, is the only U.S. rocket 
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vehicle capable of orbiting the complete primary struc- } 
ture of a manned space station in a single launching, as 
a means of proving at an early date man’s adaptability | 
to long-term existence in space. 


To Establish the Station 


Creation of a manned space station, consisting | 
basically of a lightweight stainless steel shell—the 
modified propellant tankage of the Atlas missile— | 
could be accomplished with fulfilment of four basic 
requirements: (1) performance; (2) reliability of opera- 
tion ; (3) countdown precision, and (4) adequate re-entry 
capability for returning personnel. 

The Atlas missile fulfils the performance requirement, 
that is sufficient for launching the basic space station | 
structure into space. 

With the addition of a second smaller upper stage, 
about 8000 Ib. of cargo or a crew of four can be delivered | 
into space. 

Operational reliability is paramount in the transporte: | 
tion of humans into space. Reliability, as much 4s} 
possible, has been designed into the Atlas. Operational 
reliability can be achieved only through repeated tests | 
and launchings. The Atlas has been in flight-test stage 
since June, 1957. By the time the space station can be 
established, the Atlas will have matured into high 
operational reliability. 

Out of the growth in operational reliability will come | 
the countdown precision required for rendezvous flights 
to the space station. 


A rubb 
encapsule 
installatic 
tip of the 
water reg 
would be 

“Above 
would be 
sleeping r 


the 
ntal 


ing 
the 


sic 
try 
nt, 
ion 
ge, | 
red 


ta- ' 
as | 
nal 

sts } 


ge 


dei encapsuled would be divided into four levels. 


Manned re-entry capability is not exclusively associ- 
ated with the manned space station project. Very 
likely it will be acquired through other projects within 

the next five years. 


Description of Space Station 

The Atlas tank unit would serve as an outer shell to 

protect the station from meteors and to control tempera- 
ture. The shell is large enough to house a crew of four, 
plus equipment for power generation and testing. 
) The fully-equipped space station would weigh approxi- 
mately 15,000 Ib. and would be about 106 ft. long, 
including an auxiliary nuclear power supply attached 
to its rear end. 

Small control rockets (the present Atlas vernier 
rockets) would rotate the space station about two and a 
half times a minute around its propellant end, to provide 
artificial gravity (0-1 to 0-15 g) for station occupants. 

Living quarters, as designed by Ehricke, are housed 
in an inflatable insulated capsule in the forward section 
of the cylindrical Atlas tankage. 

The aft end of the tank is reserved for storage of 
heavy equipment. This weight tends to pull the centre 
of the mass rearward, thereby lengthening the distance 
between the centre of the mass and the living quarters. 
In turn, this tends to diminish undesirable side effects 
(Coriolis force) of the station’s rotational spin. 


Crew Capsule 

A rubber nylon structure in which the crew would be 
Sanitary 
installations are at the forward end. Outside, on the 
tip of the space station nose, a condenser-cooler for the 
water regeneration system and waste disposal outlet 
would be mounted. 

“Above” this—i.e., toward the hub of the station— 
would be successively the galley and recreation room, 
sleeping room, and control room and laboratory. 


— 





WASTE DISPOSAL 


WATER REGENERATION SYSTEM 


In the aft end of the tank hull, water supply, emergency 
power supply (batteries), control rocket propellant 
tanks, tools, reserve equipment and instrumentation 
would be housed. 

Access to the unpressurized hull would be through a 
simple manhole near the hub; that to the pressurized 
living quarters would be through an airlock inside the 
station above the control room. 

Gaseous oxygen would be stored in high-pressure 
containers salvaged from the vehicle’s propulsion 
system, mounted outside the aft hull. Living quarters 
would be provided with stored emergency oxygen. 


Space Station Logistics 

The station could be established in about a week or 
less, depending upon the orbit selected. The time is 
calculated from initial launch until the station is 
habitable. 

Once the station were established, crews would be 
rotated regularly—about every two weeks at first, later 
onceamonth. A cargo ship would deliver fresh supplies 
and equipment, weighing up to 8000 lb., about once a 
year. A total of 13 to 20 launchings a year would be 
required to maintain the station. 

Four basic steps would be required to establish the 
Atlas space station. They are: 


(1) The modified Atlas propellant tankage is delivered 
into orbit. 

(2) A cargo vehicle, containing parts and equipment 
for the aft end of the station, is launched and 
directed to the basic structure. 

A passenger ship carrying the first four-man 
crew follows. The crew enters the tank, transfer 


equipment from the cargo vehicle, installs 
emergency power, water and oxygen supply 
systems. 
ANTENNA EMERGENCY ROCKET PROPELLANT 
FRESH WATER TANK 
ENTRANCE 
/ EMERGENCY ROCKETS (VERNIERS) 
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(3) A cargo vehicle, followed by a second passenger 
ship carrying a relief crew, delivers the rubber 
nylon crew capsule into the orbit, together with 
the necessary insulation material and other 
installations. The collapsed capsule envelope is 
placed into the tank’s forward end and inflated 
from a pressurized bottle. Floors are installed 
and the four rooms, or levels, are furnished. 
Food is stored and the water and air cycle are 
checked out with emergency power. 


Another cargo ship delivers the nuclear power 
plant, shielding and radiation cooler surface. 
Installation and checkout of this equipment is 
done by a second relief crew, and the station is 
ready for occupancy. Water and air cycles then 


(4) 


would be started and the control motors would 
be fired to set the station in rotation. 

(Proportional navigation, a technique employed 
for interceptor missiles, would be used to bring 
all cargo and passenger vehicles to the vicinity of 
the station). 


_ ———-——_———- AIR LOCK 
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Orbits 


The orbital altitude should be no higher than necessap 
For a space station of 15,000 Ib. mass, a 400-mile opti 
would assure a long lifetime—one that could be extendg 
indefinitely by occasional boosts from the control motor 

From the supply standpoint, the easiest orbit lies i; 
the plane of the Earth’s equator. This would perm; 
more frequent launchings (as many as one every 90 mip 
for a satellite in a 14-hr. orbit) from a single base. Th 
equatorial orbit also requires the least propulsive energy 


thanks to the extra momentum from the Earth’s rotation 


The only alternate orbit permitting launchings 
intervals smaller than 24 hr. would be over the pole 
The polar orbit has maximum geophysical interest, 
well as advantages in weather prediction and surface 
monitoring. 

At dawn and dusk, the Atlas space station would 
clearly visible to the naked eye. 


Purpose 

Because the Atlas orbital system could be a realit 
within five years from starting date, it offers the earliey 
and first opportunity for man to venture into space} 
Among the primary purposes for the Atlas space station 
are these: 


(1) Asa test bed for long-term evaluation of develop 
ment of equipment and living conditions i 
advanced manned satellites, lunar and_ inter 


planetary spacecraft. 





al 


To teach crews to live in space and to prepare for 
flights to other planets. 


(2) 





(3) To serve as a base for launching improved} 
instrumented comets (interplanetary ree 
probes) to Venus and Mars, and for sending th: 
first instrumented probes into the outer solar 
system. 

(4) As a base for a weather relay station and tr 
monitor terrestrial activities. 

(5) As a base for geophysical and astrophysica 
research. | 

(6) As a maintenance base for automatic satellites ! 
suitable orbits. 

(7) As a base for assembly, testing and launching o| 
lunar reconnaissance vehicles. 

Growth Potential 


The expended upper-stage tanks of cargo ail 
passenger supply ships could provide additional struc; 
tural units of the same diameter (though shorter) as the 
basic space station. The size of the station could 
readily increased by joining these to the original structutt 

Small satellites can be added to the system—with 0 
without rotation—for housing telescopes and othe 
instruments. These could be controlled to prevell! 
drifting away. 
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The Chemical Origins of Life 


By MICHAEL H. BRIGGS, B.sc., F.C.S., F.R.A.S., 
Department of Biochemistry and Nutrition, Cornell University 


Introduction 

Ina previous article’ it was suggested that the possibility 
that life began on Earth as a result of the arrival of a 
spore from somewhere in space should be given serious 
consideration. However, such a hypothesis is most 
dificult to either confirm or deny, and in view of the 
improbability of such an event the attention of the 
majority of scientists interested in the problem has 
focused on possible chemical mechanisms by which life 
could have developed from the inorganic environment 
of the primitive Earth. 

Widespread interest in the possibilities of extra- 
terrestrial life has been aroused by recent developments, 
and as the basis for all such speculation must eventually 
be some hypothesis of the origins of life, it is important 
that general surveys of the present position on this 
subject should be available. 


Basic Problems 

If it be assumed that life began on Earth several 
million years ago as the result of certain chemical pro- 
cesses, then a number of important questions require 
answering. The first and most obvious of these concerns 
spontaneous generation. 

Since the time of Pasteur it has been universally 
acknowledged that life does not now arise from non- 
living matter. Thus a reason must be given for the 
hypothesis that life could arise in this way in the past but 
cannot now do so. 

An excellent answer to this problem was suggested by 
Charles Darwin.? He pointed out that should complex, 
yet non-living chemical aggregations ever accidentally 
form in our present world, they would have no chance of 
survival and could never develop to the complexity of a 
simple organism. The reason for this is that they would 
be rapidly devoured and eaten by living things. But 
obviously before life existed, such aggregations would be 
inno danger of this type of decomposition. 

If this reasoning be accepted, and it seems quite sound, 
then new life cannot arise on a planet on which wide- 
spread life already exists. 

A second, and more difficult question to answer, con- 
cerns the synthesis of organic molecules from inorganic 
sources. Such reactions do not now occur, yet if life 
originated from non-living matter they must have 
occurred at some time. 

Many syntheses of quite complex organic molecules 
can now be achieved in the laboratory and it is largely 
by a study of such reactions that it is possible to answer 
the second question. It has been shown for example 
that formaldehyde and its polymers can be produced by 
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the interaction of simple gases.*-+ Reaction of water 
with simple carbides has long been known to produce 
mixtures of hydrocarbons and the simple laboratory 
preparations of acetylene and methane by the reaction 
of water on calcium carbide and aluminium carbide 
respectively are well known. It has also been shown 
that the carbides of the heavier elements such as uranium 
can give rise to much more complex compounds under 
the same circumstances.*® 
Under certain conditions the products from these 
reactions can form even more complex substances by 
further reactions with other simple inorganic compounds. 
An example of such a reaction is the formation of 
succinodinitrile from acetylene and hydrogen cyanide.® 
It is easy to predict the conditions under which such 
reactions can occur and in almost every case the present 
conditions of the atmosphere or sea prevent the reactions 
from taking place. But from the little information that 
we possess, we can be fairly certain that our present 
terrestrial conditions have not always existed. The 
atmosphere of the Earth, for example, has not always 
had its present composition of 20% oxygen, 80% nitrogen. 
It now seems likely that many other gases were present 
millions of years ago, but that these have been removed 
by certain processes. One of the gases that must have 
been present in much larger amounts than it is to-day is 
carbon dioxide. Other likely components of the Earth’s 
primaeval atmosphere are methane (from the reaction 
of water with the carbides of metals) and hydrogen 
sulphide and sulphur dioxide (from volcanic action). 
The reason for the absence or near-absence of these 
gases from our modern atmosphere is the chemical 
activities of living things; in particular photosynthesis, 
respiration and photoreduction. All these processes, 
which are carried out by various important groups of 
organisms, would rapidly (in several thousand years) 
alter the gaseous composition of the Earth’s atmosphere. 
Again it seems that the lack of substances and con- 
ditions for the synthesis of organic compounds from 
inorganic sources must be blamed on the presence of 
life. Before life was present on Earth such reactions 
were possible and probably occurred. 


Composition of Modern Organisms 

Without entering into a detailed discussion of the bio- 
chemistry of tissues, it is possible to make certain general- 
izations about the nature of the substances which can be 
found in living things. One of the most striking dis- 
coveries of modern biochemistry is the close similarity 
between the chemistry of such simple organisms as 
bacteria, and that of the higher forms of life such as 














mammals. The same, or very similar, substances can 
be found in almost all organisms, and they appear to be 
formed and to take part in the same reactions. The 
similarity of chemistry between a man and an amoeba 
is far more important than the differences. 

The generally occurring substances are listed in Table 
I. It must be borne in mind that all the complex 
products of an organism are built up from a variety, but 
limited number, of basic simpler substances. These are 
shown in Table II. 

A consideration of these biochemical results imme- 
diately shows that the problem of the origin of life can 
be broken down to a number of related but separate 
questions. Before any organism, even the simplest, 
could have been formed, the following stages must have 
been gone through :— 


(a) The basic simpler substances must have been 


formed. 

(6) These must have been combined into the complex 
substances. 

(c) The complex substances must have come together 


in aggregations and become organized and 
integrated into a system showing dynamic 
stability. 


Formation of the Basic Organic Compounds 


The Earth, for perhaps several thousand million years, 
was lifeless and organic synthetic reactions could occur 
and the products form aggregations. Experimental 
studies have shown that many of the basic organic com- 
pounds on which life is based could have been produced 
by relatively simple inorganic processes. 

Perhaps the single most important compound from 
which many other substances were produced is formalde- 
hyde. As was pointed out earlier, this compound is 
formed from the interaction of many simple gases, for 
example, carbon dioxide and hydrogen. There is every 
reason to believe that it was present in moderate amounts 
on the primaeval Earth. It is interesting to note that 
it has often been suggested that the clouds of Venus are 
composed of formaldehyde and its polymers, though this 
now seems unlikely. 

Assuming the presence of formaldehyde, a number of 
important reactions could occur. It has been shown,’ 
for example, that solutions of formaldehyde in contact 
with lime undergo changes to produce syrups which 
contain mixtures of various sugars, e.g., fructose. 

Other work® has demonstrated the formation from 
formaldehyde in the presence of metal hydroxides of 
many products which have been identified as important 
in intermediary metabolism, e.g., dihydroxy acetone and 
glyceraldehyde. 

There is thus excellent evidence to support the belief 
that simple sugars were formed early in the history of the 
Earth. 

Synthesis of purines and pyrimidines from simple 
inorganic compounds is not too well investigated, but 
some experiments have been reported® in which they 
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were formed from fairly simple substances. It is aly 
suspected that small amounts of these compounds ca 
arise from the interaction of acetylene and hydroge, 
cyanide. °** 

Turning to the amino acids there is a great deal 9 
experimental evidence to show that they can be forme) 
from very simple substances. One series of experi. 
ments!” has demonstrated the production of a few of the 
simpler compounds, such as glycine and alanine, fron 
mixtures of ammonia, methane, hydrogen and wate 
under the influence of electric discharges. Othe 
experiments,'! using solutions of formaldehyde polymep 
and potassium nitrate in strong sunlight, have produce 
many amino acids, particularly in the presence of iro 
chlorides. Compounds formed in this manner inclu& 
glycine, serine, proline, histidine, valine, arginine an 
aspartic acid. 

The basic structure from which all fats and allied 
substances appears to be formed, glycerol, has not beep 
definitely shown to be synthesized from simple inorganic 
reactions. However, the closely related substance, 
glyceraldehyde, has been produced in this way® and ther 
is every reason to suppose that glycerol synthesis could 
occur from glyceraldehyde under reducing conditions 

There is no direct evidence to show that fatty acid 
arise under conditions which may have predominated 
on the primaeval Earth. Nevertheless, a number of 
reactions have been investigated by which these product 
are formed from simple starting substances, and thes 





reactions may provide some insight into the mechanism 
of the first formation of fatty acids. 

Experiments using mixtures of carbon monoxide and 
methane!” in which the gases were submitted to silen'} 
electric discharges have produced complex oily com 
pounds; the basic component of which appeared to be! 
acetaldehyde. Later experiments on this substance 
showed that when mixed with hydrogen and submitted 
to a further discharge a number of small fatty acids are 
produced, e.g., acetic and propionic acids.’ 

There is consequently considerable experimenta 
evidence to show that the basic organic compounds 
from which the main complexes of living tissues are cot 
structed can be formed from simple inorganic and 
organic substances. What remains is to demonstrate 
that the conditions which prevailed on the primaeval 
Earth were such that these reactions could have taker 
place. Unfortunately, it is not possible to do this in 
every case, for the conditions on Earth for its first two} 
or three thousand million years are not known with an} 
exactness. Nevertheless, there is no evidence to show 
that any of the previously discussed reactions could nl ) 
have occurred. 

It seems likely that after its formation and geological 
stabilization, the Earth’s surface began to accumulate 
many organic compounds. 


} 


Formation of Complex Substances 


If it be agreed that simple inorganic reactions coul¢, 
have given rise on the primaeval Earth to a mixture 0 
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the basic units of proteins, nucleic acids, etc., then it 
remains to provide some explanation of how these simple 
units combined together to form the large molecules. 
It is here that present attention is particularly drawn for 
the mechanism of a non-biological synthesis of these 
complex compounds is not only not known (in almost 
all cases) but is difficult to admit even possible. 

Modern experiments have shown that the synthesis of 
a few simple complex sugars, e.g., sucrose, is possible, 
but the conditions used were very artificial and com- 
pletely unlike anything that could have been present on 
the Earth. The synthesis of the complex carbohydrates 
is an unsolved problem and at the present time it seems 
most unlikely that any mechanism will be found whereby 
simple sugars could have spontaneously combined to 
form such large molecules. The only possibility at the 
present time is to assume that proteins were formed before 
complex carbohydrates and that some of the proteins 
had a catalytic activity which enabled them to assist in 
the formation of carbohydrates. Such proteins occur 
to-day in all modern cells and are just one type of active 
protein catalysts that are collectively known as enzymes. 
Unless enzymes were formed first it seems unlikely that 
complex carbohydrates could ever have developed. 

The nucleic acids also present a problem in their first 
formation, but here we have some experimental evidence 
and a likely hypothesis. All nucleic acids consist 
essentially of a chain of simple sugar units joined by 
phosphate groupings. To the sugars are joined the 
various purines and pyrimidines. Now a special type of 
phosphate compound known as polyphosphoric acid has 
a molecule which can be regarded as a long chain of 
phosphate groupings. This molecule has been detected 
in some organisms." 

Polyphosphoric acid is a fairly simple substance that 
could well have arisen naturally from some of the very 
many natural phosphate minerals. This has not, 
however, been demonstrated in the laboratory, but it 
seems a likely supposition. 

Studies of the biosynthesis of nucleic acids in certain 
bacteria!® have shown that the basic molecules involved 
are acetaldehyde and glyceraldehyde (as the phosphate). 
It has been suggested’* that by a reaction of glyceralde- 
hyde with polyphosphoric acid, a large molecular 
complex could be formed which on further reaction with 
acetaldehyde could produce the basic ribose phosphate 
chain of a nucleic acid. On to this chain purines and 
pyrimidines could easily condense and eventually, given 
sufficient time and suitable conditions, mixtures of various 
complete nucleic acids would be formed. It is known 
that protein synthesis in modern organisms occurs by the 
reaction of amino acids with suitable nucleic acids and itis 
consequently a chance process whether a nucleic acid with 
a structure suitable for the promotion of protein synthesis 
could be formed under primitive inorganic conditions. 

The proteins are perhaps the singly most important 
group of compounds, for some of them are active cata- 
lysts and without them cells cannot carry out the pro- 
cesses whereby they gain the energy for reproduction. 
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Thus it is essential for a satisfactory theory of the origin 
of life to account for the formation of proteins, and more 
particularly of enzymes. 

Unfortunately this is a most difficult task, for mixtures 
of amino acids do not readily react together to form 
proteins in the absence of living systems. Fairly 
recent work?’ has shown that some small proteins can be 
prepared by simply heating amino acid mixtures in the 
absence of water. Others have shown!® that the simple 
compound aminoacetonitrile (NH,.CH,.CN) can be 
polymerized to the protein polyglycine on heating to 
110° C. in the presence of a kaolin catalyst. The same 
workers have shown that more complex proteins con- 
taining serine and threonine are formed by allowing 
the polyglycine to react with acetaldehyde and formalde- 
hyde under similar conditions. However, we have just 
seen how nucleic acids can possibly originate, and as 
these compounds are known to play an essential role in 


TABLE I 





Composition of organisms 


Substances Examples 
1. Inorganic compounds Water 
Salts of metals, e.g., NaCl 
CaCO, 


Dissolved gases, e.g., oxygen 
carbon dioxide 





2. Simpler organic compounds. . Vitamins, e.g., thiamine 
riboflavin 
biotin, etc. 
Products c* metabolism, e.g., pyruvate 
lactate, etc. 
Sterols 
Waxes 





Carbohydrates, ¢.g., starch 
cellulose 
glycogen 


3. Complex organic substances 


Nucleic acids 
Proteins ; 
Fats and allied substances 





TABLE II 





Composition of complex substances 


Substance 


1. Carbohydrates .. 


Basic units Important examples 


Glucose 
Fructose 
Ribose 


Monosaccharides 


| Adenine 
Guanine 


Purines 


2. Nucleic acids 


| Pyrimidines 

| Thymine 
Cytosine 
Ribose phosphate 
Desoxyribose phosphate 


Sugar phosphate 


Glycine 
Alanine 
Serine 
Threonine 
Cysteine 
Proline 
Tyrosine 

Histidine 

Leucine 

} Arginine 

| | Aspartic acid 

} Glutamic acid 

Valine 


3. Proteins .. Amino acids 


4. Fats és we ..| Glycerol —- 
Fatty acids Propionic acid 
Acetic acid 
Oleic acid 
Stearic acid 
Palmitic acid 





























protein synthesis in modern organisms, there is no 


reason why the first proteins might not have arisen in 
the same way. 


Thus the postulated scheme for the development of 


chemical complexity can be written :— 
(1) Simple gases and inorganic molecules: 
Carbon dioxide. 
Sulphur dioxide. 
Hydrogen sulphide. 
Water. 
Carbon monoxide. 
Hydrogen. 
Phosphoric acid. 
Simple organic compounds: 
Formaldehyde. 
Acetaldehyde. 
Glyceraldehyde. 
Moderately complex organic compounds : 
Amino acids. 
Sugars. 
Fatty acids. 
First complex organic compounds: 
Nucleic acids. 
Proteins. 
Other organic compounds possibly formed from 
nucleic acids: 
Proteins. 
Enzymes. 
Compounds formed from enzymes: 
Polysaccharides. 
Lipids. 


(2) 


(3) 


(4) 


(5) 


(6) 


First Organisms 

One of the most surprising things about living organ- 
isms is their remarkable specificity for the chemical 
substances that can be used in their metabolism. For 
example, few organisms can use both optical isomers of 
compounds which can exist in two stereochemical forms, 
yet the difference between the two substances is only 
one of the spatial arrangement of the various atoms and 
groups of atoms. 

Suggestions have been made?® to account for this 
specificity. One likely hypothesis* seems that the com- 
pounds from which the first organisms developed were 
produced in some or all stages on the surface of optically 
active substances. The only common inorganic sub- 
stance of this kind is quartz. Some support for this 
hypothesis comes from experiments in which organic 
compounds of only one optical type have been produced 
by adding quartz crystals to the reacting mixtures.”° 

This evidence also points to a mechanism whereby 
the first very simple chemical aggregations deserving the 
name organism might have been formed. Many finely 

* Another hypothesis is that both stereochemical isomers were 
formed but that due to thermodynamic differences in the reaction 


rates of the two isomers, one became preferentially used by the 
first organisms. 
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divided substances such as quartz or sand have the 
power to concentrate substances on their surfaces by q 
physical process known as adsorption. If a dilute 
mixture of proteins, lipids, etc., came into contact with 
some finely divided material of this type it might welj 
become concentrated upon the surface and reactions 
which only occur with difficulty began to take place much 
more readily due to the relative proximity of the re. 
actants. Thus chemical aggregations may have beep 
formed on sand. Eventually some of these aggregations 
developed cyclic reactions within them whereby the 
synthesis of new material could occur. Probably after 
millions of years and changing conditions a system was 
developed by chance, which when it reached a certain 
size, divided into two parts, each of which continued the 
processes. In this way the first chemically reproducing 
system was formed. 

From this stage the process of natural selection is all 
that is required to select chance mutants of the basic 
system to produce all the complexities of life in hundreds 
of millions of years. 


Other Planets 

The most interesting conclusion about the origins of 
life that can be drawn from the present discussion is that 
life appears almost inevitably to be a consequence of 
certain atmospheric and geophysical properties of our 
planet. Obviously, given other planets with similar 
conditions, the same type of reactions must occur, 
Whether life will be present on any planet becomes 
almost predictable from a knowledge of its physical | 
condition and the length of time that these conditions 
have prevailed. It is most unfortunate that we are 
not yet in a position to gain the necessary information 
about the conditions on other planets. There is, how- 
ever, a growing body of evidence to show that organi¢ 
compounds, though of unknown complexity, do occur 
on planets in our system. Aside from the well-knowa 
properties of the coloured surface markings of Mars, 
there is the recent detection of the fundamental organi¢ 
bonding C-H, in absorption spectra from the planet.™ 
The clouds of Venus also suggest organic compounds of 
some type. The formaldehyde hypothesis now seems 
unlikely, but the recently suggested polycarbon-suboxidé © 
offers an interesting possibility.22 An alternative hypo / 
thesis of the same phenomenon is that of Hoyle®® who | 
has proposed that the clouds are oil-droplets. 

Of the other planets, Jupiter is known to have af 
atmosphere of which methane is a major constituent.™ 
The same gas occurs on all the large outer planets: 
From a consideration of the known reactions of methané 
under the influence of various types of radiation, it haf 
been suggested that the famous “red-spot” may be a 
collection of polynuclear aromatic hydrocarbons, know® 
as “‘cuprene,” that is known to form under some com 
ditions from acetylene.” 

Other sources of organic compounds are meteorites. 
But whether these compounds are derived from the 
reaction of simple compounds or are the result of living | 
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processes, is a point of controversy.! Nevertheless, 
compounds of considerable complexity have been 
isolated in fairly large amounts from some meteorites.” 

The consequence of these observations must be that 
organic compounds have a much wider distribution in 
the Universe than has been realized prior to the past 
decade. In fact, if organic compounds of complexity 
occur on planets such as Jupiter, which we can be fairly 
confident are without life as we know it, then life must 
have arisen On many hypothetical planets throughout 
the Universe. Considerations of theories of planetary 
origins and the observed properties of some stars allows 
the prediction?’ that life must be very widespread in the 
Universe. 
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What is Astrobotany ? 


By G. A. TIKHOV, Corresponding-Member of the U.S.S.R. Academy of Scienog 





Academician G. Tikhov and Ivan Glushchenko, research worker of 
the astrobotany section of the Academy of Sciences of the Zazakh 
SSR, preparing the Maksutov meniscus telescope for observing and 
photographing Mars 
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Astrobotany is a new science first conceived in Alma. 
Ata 12 years ago. It is a combination of planetan 
astronomy and spectral analysis as applied to the stud 
of plants on Earth, and subsequently, of those areas op 
the surface of planets—in the first place, of the plane 
Mars—where the existence of vegetation is to fk 
assumed. 

The question of life on Mars and, in particular, the 
vegetable life on it, had long interested astronomers by 
there has been no systematic, planned, method of solving 
this problem. The whole question turned on a number 
of incomprehensible differences between the spectral 
qualities of terrestrial plants and those parts of the 
surface of Mars, on which the existence of vegetation 
in the least resembling that of the Earth could bk 
assumed. These differences are, basically, as follows 
Terrestrial plants growing in a moderate and tropical 
climate very intensely reflect the extreme red rays of the 
Sun and the infrared rays lying beyond them, while the 
Martian vegetation areas on the other hand intensely 
absorb these rays. And so, a simple idea came to the 
minds of the Alma-Ata scientists: were not the observed 
differences due to the fact that the climate of Mar 
differed greatly from the climate of the moderate and 
hot zones of the Earth? Indeed, in severity the Martian 
climate can only be compared to a certain extent with 
the climate of Yakutia, regions lying beyond the Aretic| 
circle, and high-mountain areas. Therefore, first of al 
we had to find and study such observations of polar and 
alpine plants as already existed, if only in manuscript 
form. What we found exceeded all expectations. It 
appeared that the colour and spectral qualities of high 
mountain plants bore a noticeable resemblance to the 
analogous qualities of those areas on Mars wher 
vegetation was supposed to exist. It became obvious 
that in order to investigate the possibility of vegetable 
life on Mars systematic spectral analyses of plants 
growing in severe climates had to be made. On the 
other hand, the climate on the planet Venus should b& 
extremely hot and humid and, therefore, its vegetation| 
should approach in colour and spectral qualities plants 
growing in the tropics. Thus, the necessity arose | 
making spectral analyses of vegetation in places with the| 
most different climate on the Earth. In this way, 4} 
combination of astronomy and botany was born and 
new branch of learning, astrobotany, came into being | 

At the end of 1947, a Sector of Astrobotany wa 
formed at the Academy of Sciences of the Zazakh 
Republic in Alma-Ata and charged with the above 
mentioned researches. 

The Sector of Astrobotany commenced organizili 
expeditions to high mountain areas and to the sub 
Arctic for a study of the spectral qualities of planl 
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srowing there. Very soon we succeeded in explaining 
other spectral differences of Martian plants from the 
ordinary terrestrial ones. 


Let us dwell on these differences in greater detail. If 
we study the spectrum of green plants growing in a 
moderate climate on Earth, we shall find that in red rays 
these plants possess a very dim brilliance. We have 
already said that green plants on Earth, when photo- 
graphed in infra-red rays come out very brightly, as 
though covered with a thick layer of snow, whereas on 
Mars this phenomenon is absent: on the contrary, the 
areas of vegetation on Mars appear dark in infra-red 
rays. This difference had to be explained, and the 
explanation was found. The infra-red rays of the Sun 
carry one-half of its heat to the Earth, and for plants 
growing in a moderate climate these rays are superfluous 
and, therefore, are rejected. That is why the plants 
come out brightly in these rays. It is a different thing 
on Mars. The climate there is very severe and the 
Martian plants absorb the infra-red rays ; therefore, when 
photographs of Mars are taken in infra-red light, the 
vegetation areas appear dark. This explanation had to be 
checked with terrestrial plants in bleak regions and it was 
fully confirmed. Moreover, it appeared that as we 
ascended higher into the mountains, plants of one and 
the same species gradually became fainter and fainter in 
infra-red rays. Plants beyond the Arctic circle also dis- 
played decreased brilliance in infra-red light. 


Let us now proceed to the second difference between 
the spectral qualities of Martian plants and those of the 
terrestrial moderate zone. In a certain sector of the red 
rays the brightness of these plants is dimmed greatly due 
to chlorophyll, the green colouring matter of plants. 
Therefore, the dark sector in the red rays of the spectra 
of plants is known as the chlorophyll absorption gap. 
It was to be expected that the spectrum of Martian vegeta- 
tion should also contain a chlorophyll absorption gap. 
However, notwithstanding countless experiments, this 
expectation was not justified. A chlorophyll absorption 
gap was not found on Mars. It seemed that the question 
had been finally decided and there was no vegetation in 
any way resembling the terrestrial kind on Mars. To 
consider any other vegetation would have been pure 
guesswork. 


Astrobotanists, however, looked upon __ things 
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differently. They approached this question in the same 
way as the question of infra-red rays. 

Of the visible rays of the Sun, the greatest amount of 
heat is brought to the Earth’s surface by the red, orange 
and yellow rays. Therefore, if a terrestrial plant 
growing in a moderate climate has only to absorb a small 
sector of the red rays—the chlorophyll gap—for its vital 
needs, plants living in a severe climate have to absorb 
also the deep-red and orange rays next to this gap, and 
therefore, the chlorophyll gap widens and becomes 
barely visible. This thought has also been checked and 
confirmed by observations made by workers in the 
Sector of Astrobotany at high altitudes (up to 5 km. in 
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the Pamirs) and as far as the shores of the Arctic Ocean 
in the north-east of Siberia. 

Finally, there was one more difficulty which hindered 
confirmation of the existence of vegetation resembling 
the earthly kind on Mars. The thing is, that the areas 
covered by vegetation on Mars’ surface are on the whole 
not green but pale and deep blue and even violet in 
colour. Astrobotanists, however, argued as follows: 
If for warmth a plant chiefly absorbs the “‘warm” long 
waves of the solar spectrum (i.e., the red, orange and 
yellow waves and the adjacent part of the green waves), 
in the light reflected by the plant “‘cold”’ rays predominate 
(i.e., the shorter waves of the green rays and also pale 
and deep blue and violet rays). This gives the plant a 
“cold” colour—pale and deep blue and even violet. 

Verification of this conclusion has been obtained in 
full on high mountains and in sub-arctic areas. 

Thus, the basic optical difficulties which prevented us 
from assuming that vegetation resembling the earthly 
type existed on Mars were overcome by extremely 
natural and simple means. 

However, that is by no means all. A study of colour 
phenomena on Mars made it possible to fathom the 
ancient history of its vegetation—in other words, its 
Palaeobotany. 

When the polar snow and ice caps melt on Mars, a 
dark brownish-red belt appears around them. After 
some time, the colour of this belt changes to the ordinary 
hue of Martian vegetation, that is, pale blue. The 
natural conclusion is that the soil around the melting 
polar cap grows moist and plants begin to grow. But 
why are these plants at first of a “‘warm’’ brownish-red 
and only later acquire the ordinary Martian colour? 

Let us recall the following law of life: in young indi- 
viduals of animals and plants, the properties of their 














ancient adult ancestors reappear. For instance, the 
young leaves of many plants are of a “warm” brownish- 
red colour and that means, as we shall soon see, that in 
the very remote past the climate on Earth, even in its 
moderate zones, was extremely hot. Assuming that 
the basic laws of life on Mars are the same as on Earth, 
we may draw the conclusion that on Mars too young 
plants reproduce the properties of their ancient adult 
ancestors (i.e., in the remote past plants on Mars were 
of a “‘warm”’ brownish-red colour); this in its turn shows 
that in very ancient times the Martian climate was not 
as severe as it is now; on the contrary, it was hot. That 
was the time when life, in particular, vegetation, could 
and must have appeared. And subsequently, as the 
climate grew colder, life adapted itself to the new con- 
ditions, changing its properties, in particular, its spectral 
qualities. 

Now we come to the problem of the possible existence 
of vegetation on the planet Venus. We have already 
said that the climate on that planet is very hot, even 
hotter than in the tropic zones of the Earth. Although 
Venus is surrounded by dense clouds and its firm surface 
cannot be observed, the slight changes in the colouring 
of its clouds can be studied. 

What colour should the vegetation be in a very hot 
climate? In such a climate vegetation should rid itself 
of surplus heat by reflecting the ““warm”’ rays of the solar 
spectrum, i.e., infra-red rays, and of the rays visible to 
us—the red, orange and yellow. This should lend the 
plant a “‘warm” colour, in other words, it should be red, 
orange or yellow. This conclusion has been verified in 
the Pamirs by A. P. Kutyreva, a worker in the Sector of 
Astrobotany. In the area of Djelanda in the Eastern 
Pamirs hot springs exist. The temperature of the 
hottest reaches 71°C. above zero. It was noted that 
algae, chiefly red, with a small number of blue-green, 
first appeared in the hottest place. The orange-red 
algae growing in the water and visible from a distance 
are the chief signs of the presence of hot springs. 

Let us return to Venus. Some observations made by 
astronomers of the Kharkov Observatory show that the 
colour of those places in the clouds surrounding the 
planet on which the Sun rays reflected by its surface fall 
indicates a certain redundancy of red and yellow rays. 
Could this be due to the influence of the light dispersed 
by the planet’s vegetation? 


Plants’ Fluorescence 

In addition to studying the possibility of vegetable life 
existing on Mars and Venus, astrobotanists have made 
interesting studies of newly-discovered optic properties 
of plants that in themselves were not fully expected. 

It had long been known that the foliage of plants 
possessed the property of emitting radiation or of 
fluorescence. Astrobotanists discovered that flowers 
possessed the same property. Moreover, we found that 
the fluorescence of plants increased rapidly with rise in 
the temperature of the air, and did not disappear even 
when the temperature dropped to several tens of degrees 
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Vladimir Golubchikov, scientific officer of the Astrobotan) 


Sector, Kazakhstan Academy of Sciences, photographin 
spectra of plant fluorescence with the help of the fluorescent 
box 


below zero. The question was, of what importance wa 
this property in the life of plants? 

It was to be assumed that this importance differed 
high and at low temperatures. 

In all probability fluorescence enables the plant t 
generate surplus warmth and emit it into the environ: 
ment. On the other hand, it enables the plant in th 
early spring to thaw the snow around it and to emerg: 
on to the surface. That is why the fluorescence of plant 
does not stop even in fairly strong frost. It warms the 
plant and its environment. The workers at meteoro 
logical observatories, residing there all the year round 
noted the following results: plants formed hothouses 0! 
snow, several dozens of square metres in area, and unde 
cover of an ice cupola they continued to develop through 
out the winter. Apparently, the snow was melted by th 
radiation and then froze and formed natural ice cupolas 


The possibility is not excluded that with perfection 0 


methods of observation, areas of vegetation will be dis 
covered on Mars possessing the property of emittin 
radiation in red and infra-red rays, which permits thet 
to withstand the sharp changes of temperature during the 
Martian day and night. 

On the basis of all these researches by astrobotanist 
it may be said that vegetable life must be fairly wide 
spread throughout the Universe and in addition to th 
vegetable life, I think also animal life, as in principk 
there is no difference between plants and animals. 
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[ shall describe in short how we found and studied the 
fuorescence of plants in the outermost red and infra-red 


s. 

Photo No. 3 shows the “fluorescent” box built by us. 
The box has no bottom. In one of its sides a groove 
was made into which was placed a plane-parallel glass 
yessel full of an aqueous solution of blue vitriol. This 
solution is of a pale-blue colour and when of a definite 
concentration it wholly absorbs the extreme red and 
nearest infra-red rays, at the same time letting through 
all the remaining rays of the solar spectrum including the 
nearest ultra-violet rays. The above-described vessel 
containing the blue vitriol solution we shall call a liquid 
light-filter. 

A high-speed lens is put into the fluorescent box at one 
side. The lens is covered by a dark-red light filter letting 
through only the extreme red and infra-red rays, i.e., 
those which are absorbed by the liquid light-filter. 
Thus, the liquid light-filter on the box and the dark-red 
light-filter on the lens form what are known as “‘com- 
plementary” or “‘crossed”’ light-filters. If placed together, 
they will not let through any rays and even the Sun is not 
visible through them. The lens is fitted to a camera, 
the holder of which contains a plate sensitive to the 
extreme red and nearest infra-red rays. 

The plant under investigation is covered with the box 
turned so that the liquid light-filter faces the Sun. The 
soil is banked up around the bottom of the box to ensure 
that no light enters it except that passing through the 
} liquid light-filter. In order to check this, a thick gypsum 
plate is placed in the box with the plant. 

‘wat Thus, as a result of the “crossed” light-filters not a 
single sunray penetrates to the plate. Therefore, the 


‘dail gypsum plate comes out absolutely black on the picture, 
while the image of the plant is imprinted by its own radia- 

{ ft} tion in the extreme red or infra-red rays or in both 

rool together. 
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gt Late on Wednesday, 3 December, the third-stage rocket of 
th Sputnik 3 burned out in the atmosphere. The satellite itself 
was still up in orbit and may stay aloft for another 15 months. 
las, Despite the great size of the Sputnik 3 rocket, between 20 and 
10) 60 ft. long, no one reported seeing a funeral pyre such as 
dif accompanied the demise of Sputnik 2, which burned out over 
the West Indies in a spectacular 400-mile streamer of fire. 


A considerable amount of information was released at the 
beginning of the month about the Thor single-stage I.R.B.M., 
which four-engined Globemasters have been flying into 
Britain for R.A.F. operation at the rate of thirty a month. 
ssf The 65 ft. 100,000-lb. Thor is built by Douglas Aircraft. 
def Its 150,000-Ib. thrust engine runs on RP-1 and liquid oxygen. 
he Developed to carry 1-megaton fusion bombs over a range of 
A 1500 nautical miles, the Thor has also been used for space 
PEs research and provided the first stage of the U.S.A.F. Moon- 
probe rockets. 


By PETER BAILEY 
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U.S. Navy also gave some data about use of the Nike-Asp 
rocket for solar research. During the eclipse of 12 October 
the U.S.S. “‘Point Defiance” fired six of these 1500-lb. two- 
stage rockets. They went up 150 miles and radioed back 
data on ultra-violet and X-ray emission from the Sun during 
eclipse, from their vantage point above the weather and the 
thickest air levels. 

The U.S. Army’s first shot at the Moon, Pioneer 3, blasted 
off from its water-drenched launching pad at Cape Canaveral 
at 5.45 a.m. Saturday morning, 6 December. In the flames 
which lit the desert for miles the letters ““N.A.S.A.” could be 
seen in black on the gleaming white skin—short for National 
Aeronautics and Space Administration. Pioneer 3 did not 
do quite as well as last month’s U.S. Air Force shot. It 
reached a height of 66,654 miles before falling back and 
burning out over the Sahara at 7.51 p.m. G.M.T. on Sunday, 
7 December. 

A four-stage rocket called Juno 2 was used, weighing 
604 tons and standing 76 ft. high. The 60-ton first-stage was 
a modified Jupiter I.R.B.M., using liquid oxygen and 
RP-1, the other stages being various clusters of solid-fuel 
Sergeant rockets. The payload was a gold-plated fibreglass 
cone weighing 13 lb. containing instruments. Dr. Wernher 
von Braun said that the payload attained a maximum speed 
of 23,990 m.p.h., 540 m.p.h. short of escape velocity for the 
flight path chosen; the first stage stopped firing 3-7 sec. 
sooner than it should have done. Concealing his dis- 
appointment, he said that Pioneer 2 had sent back a lot of 
useful data, and that the next attempt would succeed. A 
U.S. Air Force officer commented wryly: “A miss is as good 
as a mile—and this wasn’t even a miss.” 


Project Discoverer is the name of a series of launchings 
planned by the U.S. Air Force for 1959. The first Dis- 
coverer satellite would be a Thor first-stage with a second- 
stage newly developed by Lockheed Aircraft, according to 
Roy Johnson, head of the Advanced Research Projects 
Agency. Plans include sending mice and monkeys into 
orbit and bringing them back, and, using an Atlas first-stage 
with a new high-energy second-stage, it was hoped eventually 
to orbit a 5-ton satellite. _Launchings will be divided between 
Cape Canaveral and Vandenberg Air Force Base, near Los 
Angeles. 

The first firing at the new Vandenberg base was on 17 
December, when a Thor rocket took off on a test flight. 
The U.S.A. now has two major missile bases: Vandenberg, 
in desert country 165 miles north of Los Angeles, on the 
Pacific coast, and Canaveral 3000 miles away on the Atlantic 
coast. Eight Thor and six Atlas launching pads, with a 
complete liquid oxygen plant, are planned for the new base, 
which is said to be costing 100 million dollars. 


From Cape Canaveral on 13 December the U.S. Army 
fired a South American squirrel monkey weighing 3 Ib. 
300 miles into space in the nose-cone of a Jupiter I1.R.B.M. 
The monkey was not recovered when it landed 15 min. later 
1700 miles away in the South Atlantic, but radio telemetry 
indicated that take-off acceleration slowed its breathing, and 
increased its heartbeats. Both returned to normal during 
free-fall, although the pulse was still slightly fast. The 
animal was weightless only 7 min., so the test cannot have 
yielded much new data; of course the publicity yield was high. 


Lieut.-Gen. Sir Brian Horrocks commented at length in 
the Sunday Times for 14 December on War and Peace in the 
Space Age, a book which has just appeared in the U.S.A. 
and is due to be published here in the spring. The author 
is Gen. James M. Gavin, who during the war commanded the 
U.S. 82nd Airborne Division, and was until recently Chief 
of Research and Development, U.S. Army. 

*“*As an old bow-and-arrow general,’”’ comments Horrocks, 
“my imagination boggles at . . . this mad space-world, with 
its orbiting satellites, rockets and spaceships . . . I had not 



























































realized before the interdependence of the long-range rocket 
and the satellite. Apparently the world’s surface, particu- 
larly in Russia, is so inaccurately mapped that the rocket 
requires some form of reconnaissance . . . and this role may, 
it seems, be taken over by a satellite passing back a stream of 
recordings while it is orbiting round the world.” 

In Gavin’s words: “By 1965 manned spaceflight will be 
here. We will then be ready to undertake manned explora- 
tion of the planetary system.”” The choice will then be plain 
between frightful war (“it will be entirely possible to launch 
weapons from any point on earth to any other point”) and 
lasting peace. “The space age offers for the first time a real 
prospect of lasting peace. . . . If this planet is to remain 
habitable by man, a space programme must be developed 
under the United Nations. . . . We should ask that our 
allies and the Soviet also contribute. . . . The exploration 
of space can be conducted for the peaceful purposes of 
mankind.” 


True spaceships are already on the drawing boards of 
several U.S., and presumably Russian, designers, according 
to the preface to Jane’s All The World’s Aircraft, which 
appeared on 17 December. Compiler and editor Leonard 
Bridgeman predicts that the first vehicle to carry man into 
space will be the North American X-15 rocket plane. 


Thursday, 18 December: the sixteenth Atlas test firing, 
carefully billed as just another rocket test. But 44 min. 
after take-off, the entire rocket was in a 100-min. orbit at 
17,000 m.p.h.; 4 tons of it, 85 ft. long and 10 ft. in diameter. 
Until 3 hours before blast-off only thrty-five men in the world 
knew what was planned. “There are about 940 men working 
for Convair at the Cape,” said B. G. Macnabb, Convair’s 
operations manager at Canaveral, “‘and only three of them 
knew about the satellite launching, even after the missile was 
actually launched.” 

Shortly afterwards the satellite began transmitting on 
133 M/cs., and not in code but in plain English. It was 
re-radiating President Eisenhower’s recorded voice from 
space, saying: “My message is a simple one. Through this 
unique means I convey to you and to all mankind America’s 
wish for peace on Earth and goodwill towards men every- 
where.” “It was not only the biggest Christmas card of the 
season but the heaviest object yet put into orbit,” commented 
the Observer. 

“With something else on top of it, the Atlas can reach the 
Moon or Venus,” said Karl Bossart, Convair Astronautic’s 
test director. Dr. Krafft Ehricke, Convair’s assistant chief 
designer, said: “It was proved that we can use the Atlas hull 
as a space station. We can put a man in space with the 
Atlas, with special precautions to keep him alive.” 

The 4 tons that went into orbit comprised the whole hull 
and included only 168 lb. of radio equipment, rather a small 
payload for a take-off weight of over 100 tons. For com- 
parison, the 10-ton Vanguard put 20 Ib. of instruments in 
orbit, and the payload of Sputnik 3 was 26 cwt. 

The actual instrumentation was something new, however. 
The satellite was named Score, short for the ponderous 
phrase “Signal Communication Orbit Relay Experiment.” 
““More simply,” explained Alistair Cooke, “it is a long- 
playing radiogram that records, stores, selects and plays its 
records by remote control (928 miles at its highest altitude 
(apogee), 114 at perigee).”” Said the State Department: 
“The success in transmitting . . . voice and multiple telegraph 
signals by orbiting relay equipment is . . . historic. However, 
it is still as primitive as a baby’s first words.”” Transmissions 
continued until Sunday, 11 January, 1959. 

The news caused great rejoicing in the U.S.A., where many 
people believed that Score meant that they had now scored 
off the Russians. Prof. Sedov, in a Tass interview, said he 
would like to congratulate American scientists on their 
progress. But “to technically literate people . . . there can 
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Juno II. Space probe vehicle launched by the U.S. on December 
6, 1958. The main stage is a Jupiter IRBM. For this firing 
the Jupiter booster was elongated to increase fuel capacity. 
The remainder of the vehicle was made up of Sergeant solid 


propellant rockets 
U.S. Air Force Photo 


be no talk whatever about the American satellite being 
heavier than any of the Soviet sputniks.” 

In a television interview on 21 December, Roy Johnson of 
the Advanced Research Projects Agency voiced a growing 
uneasiness in the States about what the Russians were up to. 
“I think the Russians are definitely planning to put a man in 
space and return him safely,” he said. ‘“‘They could get 
there first.” 


A 1-5 megabuck radio observatory opened at Big Pine 
in the Owens Valley, 250 miles north of Los Angeles, on 21 
December. As well as doing radio astronomy, its two 
90-ft. diameter dished antennae (one of which is already 
completed) may track and guide future spaceships, according 
to its director, John Bolton. 


In a speech to the American Astronautical Society on 29 
December, Dr. Hugh Dryden, N.A.S.A.’s deputy adminis- 
trator, discussed long-term projects, such as 40-ton satellites 
launched by clusters of huge rockets, and revealed that 
N.A.S.A. had ordered development of a single rocket engine 
to give a thrust of one to one-and-a-half million pounds, 
about six times more than the best yet available. 


Queen Elizabeth II in her Christmas Day message to the 
Commonwealth, broadcast from Sandringham on radio and 
T.V., detailed the journeys to be undertaken this year }) 
members of the Royal Family. “So between us we aft 
going to many parts of the world,” she said. ““We have no 
plans for space travel—at the moment.” 
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January 1959 

New Year revellers, convalescing on the evening of 2 
January after their celebrations, heard thrilling and alarming 
news from Moscow. Carrying U.S.S.R. pennants and the 
inscription: “Union of Soviet Socialist Republics, January 
1959,” a Moon rocket had been launched from the Kyzill 
Kum desert. Thirty-six hours after take-off it sailed past the 
Moon at a distance of 3700 miles. Information on meteorites, 
radio-activity, cosmic rays, and possibly the Moon’s magnet- 
ism were being radioed back on 20 M/cs. from the rocket’s 
797 lb. of instruments. Radio contact ceased at 7 a.m. 
G.M.T. on 5 January, 62 hours after take-off, the rocket then 
being 371,000 miles out from Earth and still going strong. 

This was the first rocket ever to achieve escape velocity, and, 
as Kruschev said at Minsk, “‘the first to blaze the trail from 
Earth to the Moon.” It also became the first man-made 
asteroid, and will orbit the Sun in 15 months with perihelion 
about 14 January. “The next few years will bring the 
Soviet people new successes in interplanetary—and then 
interstellar—space,” said Prof. Boris Kukarkin, deputy 
chairman of the Astronomical Council of the Soviet Academy 
of Sciences. ‘“‘The time is near when Soviet travellers will 
land on the nearer planets.” 

“In re-making the world,” wrote Pravda, ‘““Communists 


have married dreams and science. . . . A great new success in 


the peaceful competition between Socialism and Capitalism.” 
Less peaceful were some of the speeches in the Communist 


| Party Congress which took place towards the end of the 


month. It was claimed that Russian intercontinental rockets 
were in series production, equipped with precision guidance 
mechanisms which enabled them to hit any place in the 
world “with pin-point accuracy.”’ Behind the splendid 
achievement of Lunik (as the Moon rocket came to be called) 
lay a highly developed and highly menacing technology. 

American comment was sober and worried. Dr. Henry 
Richter of Cal. Tech. said: ‘“‘People here have been getting 
pretty complacent after our successful Atlas satellite... . It 
compares only to Sputnik 1.” Commentators recalled Von 
Braun’s famous crack last year; when asked what he expected 
to find on the Moon, the veteran space enthusiast replied: 
“Russians.””’ Prof. Hermann Oberth in an interview at Bonn 
compared the Russian rocket to a kitchen alarm clock and 
the U.S. rockets to a lady’s wristwatch. The alarm clock 
did the job just as well, cost less to make, and was less likely 
to go wrong. America’s space programme was bogged 
down by political appointments and failure to develop a high 
thrust rocket motor, he thought. 

Later in the month the Senate Preparedness Subcommittee 
went into session. Dr. Keith Glennan, director of N.A.S.A., 
said the U.S.A.F. hoped a man would fly 100 miles up this 
year in the X-15 rocket plane, “‘stretching a big toe into the 
edges of space.”” Wernher Von Braun said that Lunik 
proved that the Russians were well ahead in guidance 
mechanisms. It would take the West a year to catch up if 
the Russians stood still. If Russia continues to advance at 
its present lick, it could take 5 years to draw level, and then 
only if America put more into its research. 

Also in January it was announced that McDonnel Air- 
craft Corporation had been commissioned to build a space 
capsule to enable a man to survive in space. The aim: a 
24-hour orbital journey about 150 miles out. 

According to an announcement on 28 January, already a 
short list of 110 candidates for the first space trip had been 
prepared. 


In Britain, a typical comment on the Soviet achievement 
was: ““You must be dead if your imagination isn’t stirred by 
the Soviet Moon rocket” (New Statesman, 10.1.59). But 
one unexpected effect was that the “Britain-for-outer-space” 
movement, so vocal recently, lost ground. This was clearly 
a race of giants. When two contestants had established 
such an enormous lead, what could Britain hope to achieve? 
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A. P. Herbert didn’t want totry. “At the risk of wrecking 
another Triumph of Man, I shall oppose the firing of British 
monkeys at the Moon. And I agree with you—they’re 
mucking up the weather,” he wrote in an election address. 

The Astronomer Royal wasn’t interested. “If they get to 
Venus they will find it boiling hot; if they get to Mars they will 
find it freezing cold. On neither planet will they be able to 
breathe. The best of luck to them,” he said in a B.B.C. 
interview. 

A Daily Express poll showed popular disapproval of a 
bigger rocket development programme. 

But Sir Thomas Sopwith said: ““We cannot be among the 
leaders unless British satellites are in orbit, British spaceships 
are being planned, and if and when there are flags flown and 
banners hoisted in outer space, the Union Jack is flying as 
proudly as it has flown before in the conquests of science.” 


The Vanguard rocket delivered the goods for the second 
time on 17 February, putting a 20 in. dia. 21 lb. ball—as 
planned originally—into an eccentric elliptic orbit (335 
miles perigee, 2050 miles apogee, period 126 min.). This 
satellite, Vanguard 2, carried a crude weather eye comprising 
two photo-electric sensors which scanned the world for 
cloud formations. The tape-recorded data were radioed 
back once in each revolution for I.B.M.’s computer centre to 
make what they could of them. Vanguard 2’s radio batteries 
were good for two weeks, but no improvement in the standard 
of weather forecasts was noticed in the ensuing fortnight. 
The purpose of the experiment was to obtain concrete data 
to help design better weather eyes, which should eventually 
be valuable both to spot hurricanes as they brew and in 
making long-term (90-day) weather forecasts. 


The House of Commons debated British Defence policy 
on 26 and 27 February. Supply Minister Aubrey Jones 
said that if Britain did not get into the fast developing rocket 
business now it never would. “We ought not lightly to 
contemplate complete and lasting exclusion. If you look at 
the whole of the Russian armoury for the cold war. . . the 
most important weapon is the Sputnik satellite. Just 
imagine the effect on the minds of people in underdeveloped 
countries of advertisements appearing in the papers saying 
that on this or that fixed hour the satellite will appear in 
the sky. I am suggesting the Russian lunar probes are done 
half... with a propaganda intent. I am not suggesting we 
should ape the Russians in this .:. . (but) this is a technological 
age and technical achievement contributes a great deal to 
the standing and regard in which a country is held in the 
world.” 


The long delayed U.S. Army moon probe was again in 
the news at the end of February. Von Braun’s men originally 
planned this attempt for early January, but the spectacular 
Russian success on 2 January made them think again. 
Evidently they decided to take their time and make sure 
everything was right before lighting the blue touchpaper and 
retiring to a safe distance. Even at the last minute, two 
short postponements were made, and this gave the U.S.A.F. 
time for the curious episode of the Lost Satellite. 

Whether by accident or design, the U.S.A.F. had picked 
28 February, the date set for the Army Moon shot, to launch 
their first Discoverer satellite from Vandenberg rocket base 
on the West Coast. A modified Thor rocket was meant to 
put half a ton of rocket hull and assorted hardware into a 
transpolar orbit. It blasted away on time—and vanished 
into the blue more or less without trace. Redfaced U.S.A.F. 
officers claimed that take-off data showed the rocket should 
have gone into orbit even though right now no one could 
find it. Intermittent cheeps and splutters from its faulty 
radio set in the next few days confirmed that Discoverer was 
in fact in a satellite orbit, but whatever it was discovering 
remained unknown. 

Eventually at five in the morning (05.10 U.T.) on Monday, 
3 March, the Florida shrubland round Cape Canaveral 

















reverberated to the roar of the Jupiter first stage as Moon 
rocket Juno 2 blasted off. It was a clear still night and the 
Cape birdwatchers could see the rocket for the whole three 
minutes the first stage was driving it. They even saw the 
distant purple flash as the explosive bolts cut the expended 
first stage loose. After one minute’s coasting, far out of 
sight by now, the remaining three stages—various con- 
figurations of Sergeant solid fuel rockets—opened up and 
accelerated the probe to 24,890 m.p.h. (6-91 m.p.s.). 

The probe itself was an incongruously gay little object to 
come out of the towering grim chrysalis of the great rocket. 
Shaped like a dunce’s hat and striped black and gold, it had 
a mass of 13-8 lb. and measured 21 in. from base to apex 
and 22 in. dia. across the base. It was made of fibreglass, 
gold plated so the shell could act as a radio aerial, black 
striped to increase heat absorption, and well sterilized just 
in case. Most of its 13-8 lb. was accounted for by a 
960 Mc/s. radio transmitter and a ring of batteries intended 
to power the radio for 90 hr. Instruments comprised meters 
for corpuscular radiation and a photo-electric sensor which 
would have registered the Moon’s light if it had got close 
enough. 

The probe passed within 37,000 miles of the Moon at 
22.24 hrs. U.T. on 4 March, 41 hr. after take-off, and went 
into a 392-day orbit round the Sun. Perihelion was expected 
on 17 March and distance from the Sun was expected to 
vary between 91 and 102 million miles. Jodrell Bank radio 
telescope tracked the probe right out to 405,000 miles, but 
the tracking record is held by an American Station which 
followed the probe to 406,000 miles. 

Getting there second is less noteworthy than getting there 
first (although better than not even trying to get there). 
Pioneer 4 consequently made less impact on world opinion 
than the Soviet Lunik. Still, it was great news for the West 
that the U.S.A. could do it too, though less accurately and 
on a smaller scale, and a great personal triumph for Wernher 
Von Braun. 

During February another event of note was the successful 
detection by Massachusetts Institute of Technology of radar 
echoes from Venus. They used a pulsed beam but were not 
able to pick up echoes of individual pulses; the response was 
obtained by integration. Professor Lovell said that Jodrell 
Bank planned to try this too, when Venus gets closer, this 
summer. 

N.A.S.A. satellite plans for this year include one for a 
100 ft. dia. 150 lb. aluminium-coated plastic balloon. The 
balloon will go up in autumn and according to N.A.S.A. 
chief Keith Glennan “at 1000 miles altitude the sphere will 
be brighter than the North Star.” 


Biggest space story of March appeared in the New York 
Times which scooped the world with a report beginning: 
“Secret nuclear test detonations at more than 300 miles 
above the Earth were conducted by the U.S. early last 
September.” In foul weather off the Falkland Islands three 
57-ft. X17A solid fuel rockets launched at sea from U.S. 
missile test ship Norton Sound had _ successfully lifted 
three 1-5 kiloton atom bombs 300 miles straight up from the 
South Atlantic. These nuclear explosions hurled swarms of 
high speed electrons into space, where Earth’s magnetic 
field channelled them into a great shell shaped like a truck 
tyre encircling the world. Where the shell hit atmosphere, 
auroras appeared, both in north and south hemispheres. 


Project Argus, believed to have been dreamed up by either 
Fred Singer of Maryland University or Nicholas Christofilos, 
at present working on fusion power at Livermore Laboratory, 
was meant to test theories about Earth’s magnetic field and 
its effect on charged particles, and also check the effect of 
nuclear explosions in space in connection with anti-missile 
missiles. The experiment was monitored by Explorer 4 
and various rockets but results are not out yet. 
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Flight magazine is now sub-titled Aircraft, Spacecraft, 
Missiles. From 24 April, The Aeroplane became The 
Aeroplane and Astronautics and appointed Kenneth Gatlang 
as Contributing Editor (Missiles and Astronautics). The 
Engineer and many other technical journals now run regular 
space reports. At least Britain’s Technical Press is ready 
for the Space-Age. . 


Sir Harold Spencer Jones, F.R.S., Astronomer Roya| 
from 1933 to 1945, reviewed space research for the Sunday 
Times on 5 April. “Scientific research must extend into 
space for progress in knowledge in various directions to be 
made,” he wrote. “Should Britain sit back and leave these 
new, important and exciting fields of investigation to other 
As a matter of prestige and because Britain’s 
future depends on keeping abreast of new developments, | 
am of the opinion that Britain cannot afford to stay outside 
this new field, and that she should embark on a programme 
of space research.” 

On 20 April, Supply Minister Aubrey Jones told the House 
of Commons that the Government was considering the 
question of British space research in the light of advice from 
the Advisory Council on Scientific Policy, and a statement 
would be made as soon as possible. 





H. Wexler of the U.S. Weather Bureau in Washington 
presented the World Weather Congress at Geneva in early 
April with a really comprehensive extrapolation of Vanguard 
2. This weather man’s dream called for six cloud-watch 
satellites 4000 miles up and 60 degrees apart on pole-to-pole 
orbits with 4-hr. periods. Low-flying satellites a few hundred 
miles up could supplement this 4-hourly cloud map with 
spot data for local and short term predictions. 

By the second week in April, the choice for first space- 
going American had been whittled down to a short list of 
seven married, churchgoing university graduates with | 
children: all test pilots, in their thirties, under 5 ft. 11 in. | 
tall. Harrowing newspaper pictures showed these men 
being put through it in high-gee centrifuges, hot seats, | 
two-way whirligigs, dark lonely rooms, and other spaceship | 
simulators cooked up at Wright Air Force Development | 
Centre in Ohio. They have two years of this stuff to endure | 
before the lucky winner pilots the first manned U.S. satellite 
into orbit. 

Definite plans for space exploration are included in the 
current Soviet five-year plan, according to Dr. A. Nesmeyanoy, 
President of Soviet Academy of Sciences. By 1965 Russians 
hope to be exploring the Moon on foot, maybe Mars or | 
Venus too. 

Rocketdyne Division of North American Aviation, re- | 
vealing that they already had a prototype million |b. thrust | 
' 





chemical engine on test, and were working away on ion 
jets and nuclear rockets, said: “‘In space travel we are still 
where Columbus was when he sailed for America; but 
already we can envisage the Queen Marys’ and Queen 
Elizabeths’ of space.” 

Another Vanguard flopnikked at Cape Canaveral on 13 
April, dumping a double satellite project into the blue 
Atlantic. The same day the newly-developed Thor-Hustler | 
put Discoverer 2 smoothly into satellite orbit from Vanden- 
berg. This was the eleventh man-made object to enter the 
great whirl, and the eighth American. Discoverer 2 weighed 
1,600 Ib. and remained in orbit (initially 156 to 243 miles up) 
for about two weeks. 


Tailpiece 

It is reported that concurrently with the launching of theif 
Moon-probe, the Soviet Academy of Sciences announced 
a successful cure for ulcers. This, their American con- 
temporaries stated, was the least the Russians could do. 
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The Time has Come 
By H. E. ROSS 


But there is neither East nor West, Border, nor Breed, nor Birth 
When astronauts stand side by side, though they come from the ends of the earth. 


[ think I am right in saying that astronautics has pro- 
gressed much faster than most pre-war pioneers of the 
subject anticipated. Certainly I for one did not expect 
to see two first-class Powers so soon engaged in a 
gruelling contest for the honour and political advantage 
of conquering space. On the contrary, we of the B.L.S. 
advocated international co-operation in all astronautical 
enterprises. We believed that the conquest of space was 
too costly for any one nation to bear the whole burden; 
we held the opinion that international co-operation in 


| this, the greatest technological and intellectual adventure 





of all time, would go far towards unifying the world. 
That these views are shared by the astronauts of many 
countries is proven by the existence of the International 
Astronautical Federation. 

Unfortunately, politics has once again dealt a heavy 
blow at world unity. And in doing so it this time 
threatens the ultimate well-being and evolution of the 
whole human race. We are indeed already far advanced 
towards perpetrating another Berlin on the Moon, and 
what may well happen there could be repeated ad 
infnitum with every world upon which men set foot. 
For this reason alone, astronautics must be severed from 
military projects and internationalized. There is room 
in space for all, but no room for dissension. 

Let me make these points clearer by a few simple 
extrapolations—extrapolations which seem not to have 
been made by the Statesmen and Chiefs of Staff of 
America and Russia. Firstly, there is the question of 
“finance.” In America this is a matter of dollars and 
manpower: in Russia it is only a question of man- 
power. In both cases, however, the diversion of effort 
into astronautical projects is bound to retard the rise in 
standard of living which people, whatever their nation- 


| ality, expect .. . and sometimes demand. I think it is 
right to suppose that Russia would be less affected by 





these considerations than America, and so might be 
expected to progress faster than the U.S. can afford 
without risk of serious internal dissatisfaction and strife. 

It therefore seems probable that America will continue 
to lag behind Russia; may indeed not catch up until the 
Soviet Union has come to the end of its assignable man- 
power. This would be stalemate, because neither nation 
could then afford to expand its extra-terrestrial ventures 
~ventures which, mark you, become ever more expensive 
as they go on. Moreover, no relaxation of effort can 
now be made by either country without political loss of 
lace and ideological suicide.... That is the measure of 
Importance which astronautics has assumed. 
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After (a long way after) KIPLING. 


A major scientific advance cheapening the technology 
of spaceflight would merely delay the stalemate, not 
avoid it. Unless, that is, the advance happened to be 
some at present unforeseen simplification, and a revolu- 
tion of the near future. On present outlook, however, 
only one thing could moderate expenditure and avoid 
the impasse—the establishment on other worlds of bases 
which are wholly or nearly independent of Earth for 
supplies and personnel. ... In a word—colonization. 

I think it reasonable to assume that neither America 
nor Russia alone could stand the economic strain of 
racing one another to the establishment of a self- 
supporting extraterrestrial base, even on our nearby 
Moon. In any case, one such base there would suffice. 

The force of the argument for international astro- 
nautical co-operation and not competition is now 
apparent. Competition between the U.S.S.R. and the 
U.S. has already resulted in more than doubling the cost 
that need have been incurred, has needlessly duplicated 
numerous scientific experiments, has led to sacrifice of 
utility to the spectacular, and is wasting enormous sums 
on fantastic, useless, and diabolically provocative 
military chimeras. Rivalry between the U.S. armed 
forces has had similar consequences—may indeed be a 
root cause of America’s failure to equal Russian 
achievements. 

Other factors contributing to America’s failure are, 
however, plainly apparent. One is that Russia was off 
the mark before the U.S. realized what was afoot. 
Whether inept espionage or political obtuseness is to 
blame, there was certainly a shocking underestimation | 
of Russian military and scientific competence. 

Another crippling factor was the Vanguard programme, 
which added an untried rocket to the projects already in 
hand. And as if these self-imposed handicaps were not 
enough, the U.S.—which prides itself for integration and 
efficiency—has succeeded in bogging down its space 
projects in a maze of organizations, none of which has, 
it seems, the resources or independent authority needed 
to plan and co-ordinate a comprehensive space pro- 
gramme. It looks as though everyone has climbed on the 
astronautical band-wagon and is playing a different tune. 
Why this organized chaos has been deemed necessary is 
a mystery, for there already existed in the States an organi- 
zation capable of planning a space programme.... 
That organization is the American Rocket Society. 

The trouble, one can only suppose, is that the American 
Rocket Society is not a military organization. The 
hardware is the stumbling-block. It is secret, and must 














of course remain so, even if it is painfully obvious that 
another country has better. 

It is indeed difficult to see how astronautics can 
become truly internationalized so long as the vehicles— 
the spaceships—remain on the secret list. Certainly, it 
seems unlikely that the U.S. and Russia will merge 
resources and co-operate in the conquest of space. On 
the contrary the present rivalry is likely to persist, and 
may well involve the world in crazy and perilous disputa- 
tions about ownership of the Moon. In any case, and 
as I have foreshadowed, a stalemate must supervene 
because expansion eventually becomes prohibitively 
costly. 

Where then can we look for means to allay rivalry and 
avoid ultimate deadlock? ... We must look for action 
by some unit bigger than either Russia or the U.S. 
independently; one potentially capable of installing a 
self-supporting base on another world. 

Such a unit does in fact exist . . . one that contains 
more people, more resources, and potentially as much 
know-how as the U.S.S.R. and America combined. .. . 

That unit is the British Commonwealth. 

The advantages of Commonwealth participation in the 
conquest of space do not lie in self-aggrandisement but 
are in the best interests of all humanity. It would in 
fact constitute a great stride towards internationalizing 
astronautics. The British Commonwealth includes lands 
and nations in every quarter of the world, and many 
diverse races of people. Not only Britons, Canadians, 
Australians, New Zealanders and the white populations 
of other parts of the Commonwealth would be con- 
tributing to the conquest of space, but Indians, Africans 
and many other dark-skinned peoples would have the 
satisfaction, pride and pleasure of sharing in the 
greatest and most significant step of Man’s history. In 
short, the mere existence of a dynamic Commonwealth 
astronautical programme would draw more closely 
together in unanimity of ideals, purpose and action 
a major fraction of the human race.... More—a 
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Commonwealth Astronautical Consortium would ensure 
that no one nation could arbitrarily dictate the future 
of mankind. 

If it be said that the conquest of space is too costly for 
us, I reply that it is also too costly for Russia and 
America—but they are doing it. One thing is certain 
if we remain aloof from astronautics, the British Com. 
monwealth will have no say in world affairs and in deter. 
mining the future of interplanetary man. I believe tha 
loss of our counsels in these respects would be disastroys. 

It may be objected that, since the Commonwealth js 
not geographically contiguous as are the states of 
America and Russia, and less closely integrated politically, 
the difficulty of getting co-operation may prove too gréat, 
Should this be so, then I can only comment that our fault 
is not that we exploited our Empire, but that we did pot 
exploit it enough, for the benefit of all. In any case, the 
proposal for a Commonwealth Astronautical Con- 
sortium must be put to the test. 

Let us hope that the moves in this direction now being 
made by the B.I.S. and various Commonwealth astro- 
nautical societies will bear fruit. Let us also hope that 
the American mistake of organizational ramification will 
not be repeated. ... It must not be repeated. There 
must be one central authority responsible for Common- 
wealth astronautics. And it must be given adequate 
power, resources, facilities and funds. It must not be 
hamstrung by bureaucratic interference, and it must have 











high priority. We have a long way to catch up, but 
once Commonwealth astronautics gets results we shall| 
not need to go cap in hand to anyone craving admission} 
to space and a voice in interplanetary affairs. On the 
contrary, nations outside the Commonwealth—for| 
example, France, Germany, Italy, Holland, the Scandi- 
navian countries, Argentina, and Brazil—may be glad to 
join us.... Why not?—that would be another big step| 
in internationalizing astronautics . . . and it would be! 
cheaper by the dozen. 

[This article was received on March 15, 1959.] 
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| Vistas in Radio Astronomy 


By W. L. RAE, F.R.A.S. 


| The opinion of a number of astronomers is that 
astronomy is at a major cross-road, not in the normal 
way that one thinks of a cross-road where one has to 
choose a road to take, but in the way where several roads 
or way come from separate directions to meet at one 
point. One of the roads in astronomy is the short, new 
one of radio astronomy which runs to join with the more 
classical methods—optical, photographic, photometric 
and so on. Optical astronomy in which ordinary 
telescopes are used, although far from obsolete, must 
stop at the cross-roads for although we have the giant 
200, 120 and 100 in. telescopes with many avenues still 
to explore fully, it is doubtful whether any larger instru- 
ments of this nature, theoretically capable of probing 
further and further into the Universe, will be constructed. 
Although the many engineering problems involved in the 
| Construction of large optical telescopes can be overcome, 
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the fact remains that we are enveloped in a thick atmo- 
sphere which year by year becomes more polluted and 
this pollution, plus the atmospheric disturbances them- 
selves, limits the effective size of any optical telescope. 
The larger the aperture and power of the telescope the 
greater will be the many disturbances to good seeing con- 
ditions. As a result of this there are still many cosmo- 
logical problems as yet unanswered and doubt is expressed 
whether they could ever be solved by optical means. 
This is the state of astronomy with the entry of the new 
science of radio techniques in astronomy ; what has it to 
offer that optical astronomy has not? Basically a new 
approach to the old problems and also the only approach 
so far knowntosome new ones. Light, the weapon of the 
classical astronomer is only one form of the total electro- 
magnetic radiation, being in a particular range of wave- 
lengths from 4/100,000 to 8/100,000 cm. When we 














consider the part of the electromagnetic spectrum where 
the radiation comes on a wavelength of from a few centi- 
metres to some 20 m., we are considering radiation in the 
form of radio waves penetrating the atmosphere from 
space. Radio astronomy is the science that involves the 
reception of these radio waves, discovered by Karl 
Jansky in 1931, coming from sources outside the atmo- 
sphere of the Earth and thus from throughout the 
Universe. The telescopes of this science, radio telescopes, 
have the advantage of being able to operate through 
cloud and dirt laden skies and they also, as we shall see 
later, may be able to penetrate much further out into the 
Universe than can the optical telescopes, thus permitting 
a broader picture of the cosmological scene. 

However, even radio telescopes have disadvantages 
and defects although this is not surprising as they involve 
such new techniques which only really started to come 
into their own following the end of the Second World 
War. As they operate on the long wavelengths of 
radiation, their powers of resolutions are consequently 
poorer than those of the optical telescopes operating on 
the very short wavelengths of light. The naked eye has 
a resolving power of about | min. of arc with its pupil 
diameter of about 1/10 in. whereas the largest optical 
telescope, the 200 in. Palomar reflector, has one of 0-02 
sec. of arc. But the largest radio telescope, the 250 ft. 
Jodrell Bank paraboloid, when operating on a wave- 
length of 1 m., has a resolving power of only 1 degree 
ofarc. To obtain even the resolving power of the naked 
eye on such radio wavelengths the telescope would have 
to have a diameter of several hundred miles. This 
deficiency can be avoided to some extent by the use of 
interferometric principles and novel instruments such as 
those constructed by the Cambridge and Australian 
radio astronomers, but these techniques introduce further 
problems involving both the actual reception of the radio 
waves and the interpretation of the records of these 
signals. So even in the basic principles, that of the actual 
reception of radio waves by means of radio telescopes, 
there are many problems, but it is hoped and assumed 
that time will produce many increases in efficiency. 

Young though the science may be it has extended its 
scope to many fields of astronomy and known radio 
sources are the Sun; the planets Venus, Mars, and 
Jupiter; our Moon; objects within the Galaxy and 
external galaxies both normal and abnormal. The 
complimentary section of the science utilizing radio 
pulse techniques (radar) covers the transmission and 
echo reception of radio waves with the Moon, meteors 
and the Aurora as its objectives. This discussion is 
intended to cover only some of these radio sources and 
to consider the implications of the observations in the 
future prospects of astronomy. 

The first vista to be introduced is concerned with the 
Radio Sun. Observations show that several radio wave- 
length emission features are present but the ones that 
appear to have the greatest interest and are to be dealt 
with in this article are the bursts of radio noise known as 
Type II and III bursts. The reason for the interest in 
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these particular features of the Radio Sun is that they 
may be able to throw some light on one of the perplexing 
problems of modern astronomy—the origin of cosmic 
rays. 

Modern research has shown that the primary cosmic 
rays consist of the nuclei of hydrogen atoms and also 
other atomic nuclei. They enter the Earth’s atmosphere 
from all directions in a relatively constant amount but 
their origin is more or less still unknown. However, at 
times the intensity of the cosmic radiation increases and 
a consideration of the mechanism of bursts of solar radio 
noise may help us in the problem. 

An outburst of radio noise occurs on metre wayve- 
lengths soon after the optical observation of a solar flare 
and with repeated coincidental radio and optical observa- 
tions of this effect, an association is fairly well estab. 
lished. Fowever, in 1947 the Australian radio astrono- 
mers noted that when the radio emission is first recorded 
it is found to occur at a wavelength of about 2 to 3 m. 


With the passage of time, the wavelength of emission | 


increases progressively to some 7m., the time-lapse 
between the shorter and longer wavelengths being about 
15 min. It is known from general observations of the 
solar radio emission that shortwave radiation originates 
in the lower levels of the solar atmosphere and the metre 








radiation from the higher levels of the corona. In this 
way we can state a height above the solar surface for 
each wavelength of radio emission and this relation 
shows, therefore, that the emission from an outburst | 
comes from progressively higher levels of the atmosphere | 
with time. A second conclusion is that the velocity of 
the feature causing the radio emission through pro- 
gressively higher levels of the atmosphere must be 
between 300 and 600 miles/sec. 

Optical astronomy has a coincidental observation to 
explain this. Some 24 hr. after a solar flare there is 
usually auroral activity in the atmosphere of the Earth. 
This is explained by the ejection of a stream of particles 
from the region of the flare, the time-lapse of 24 to 40 hr. | 
between the flare and the onset of auroral activity suggest- 
ing a velocity of some 600 miles/sec. for the stream. | 
The two velocities are so much in accordance and in 
view of the other coincidental observations, we come | 
the conclusion that the radio emission is caused by the 
passage through the solar atmosphere of the stream ol 
particles that eventually causes the auroral activity. 

At the time of some solar flares, the Type III or 
Isolated outburst occurs, although a burst can also, 
occur without the concidental presence of a flare. This| 
type of burst is very similar in many ways to the Type ll 
burst, but whereas the Type II burst occurred with 
duration of minutes, Type III bursts have only seconds 
duration. There are several clues which may help i 
our consideration of this radio feature and the mai) 
problems involved. First, at the time of some maj 
solar flares an increase in cosmic ray activity in th 
Earth’s atmosphere is noted. This increase occurs from 
about 10 to 100 min. following the onset of the visual 
flare. Thus it has been suggested that a flare may ¢jet| 
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particles which, to show the time-lapse just mentioned, 
must travel between the Sun and the Earth with a 
velocity of between 12,500 and 125,000 miles/sec. 

The Type III bursts of radio emission show a time 
lapse in exactly the same way as the Type II bursts 
except that where the Type II radiation takes up to 15 
min. to progress from the short wavelengths to the ones 
of several metres, the Type III bursts produce this effect 
ina matter of seconds. Thus, if we accept the cause of 
this emission again as the passage outwards of exciting 
particles, we can conclude that the particle stream 
responsible has a velocity of between 12,500 and 125,000 
miles/sec. So we see that there may be a strong link 
between the occurrence of a solar flare and an increase 
in cosmic ray activity, the additional rays being emitted 
as a stream of particles from the Sun. Unfortunately, 
these suggestions are highly speculative for there is only 
little evidence and as yet there have been no coincidental 
observations of a solar flare, a radio burst of Type III 
and an increase of cosmic ray activity. Perhaps this may 
only be due, however, to the lack of continuity of 
observations with suitable equipment all over the 
Earth. 

Whilst on the subject of cosmic rays, mention may be 
made of recent observations of the Taurus-A radio 
source, the Crab Nebula. Observations of this source 
suggest that the mechanism in the production of the 
intense radio waves may be the synchroton process 
where the electrons present in the cloud are accelerated 
along the helix to high velocities by the cloud’s magnetic 
field. This action is also thought to be associated with 
the production of cosmic rays, so radio astronomy in 
its observation of radio sources producing their energy 
by means of this process may be probing at the same time 
sources of the galactic cosmic rays. 

My second vista concerns a much wider field than the 
very local one of the Sun just discussed, namely the whole 
observable Universe. As mentioned earlier, radio 
emission comes from a variety of known sources through- 
out the Universe; the Sun and some of the planets; the 
Galaxy with its background radiation and discrete 
sources; normal galaxies of classes Sb and c; peculiar 
galaxies such as the jet galaxy M.87 and, most signifi- 
cantly, in the very abnormal cases of colliding galaxies. 

The most noteworthy of the last type of radio source is 
the Cygnus-A source, identified optically with the collision 
of two spiral galaxies some 200 million light years 
distant. The extreme intensity of radio emission pro- 
duced as a result of this collision is of the order of 10% 
watts and it is interesting to note that this intensity is 
some 10,000 times greater than the threshold of detection. 
The optical feature is a relatively faint object even with 
the 200 in. Palomar telescope, so it can be seen that if it 
were removed to past the optical detection limit, it 
would still be easily observable as a radio source. It 
therefore follows that if there are other radio sources of a 
similar nature at present beyond the optical limit, they 
would be recorded as discrete sources of radio emission 
yet would be invisible with optical telescopes. 
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In 1954 the Cambridge astronomers conducted a 
survey on radio wavelengths of the whole sky visible 
from their station, using the 4-unit interferometer on the 
wavelength of 3-7m. A catalogue of 1936 sources 
resulted from this survey, the majority of which were 
faint sources not identifiable with optical objects. The 
remainder, some thirty, were identified with galactic and 
extra-galactic objects. A further feature associated 
with the unidentified faint sources was that they were 
distributed throughout the sky in the same way that the 
external galaxies are distributed, except that their 
positions did not necessarily agree with those of known 
optical galaxies. 

From a statistical investigation of the results of this 
survey, Ryle and Scheuer produced a graph with the 
number of sources per unit solid angle plotted against 
intensity, the graph line result deducing the spatial 
density of the sources. The conclusion from this graph 
was that the spatial density of the faint radio sources 
was not uniform. It was suggested that in the near 
regions of the Universe the spatial density of the sources 
was uniform, but at a distance in excess of about 2,000 
million light years the spatial density increased. 

It has been suggested earlier that many radio sources 
may be observable with the radio telescopes but are not 
visible optically and that these sources may be the results 
of collisions of galaxies. The interpretation of the un- 
identified sources of the Cambridge survey is in this 
manner and the graphical results therefore suggest that 
beyond the optical limit of the 200 in. telescope, the spatial 
density of galaxies and matter increases instead of 
remaining uniform. 

This surprising interpretation has strong implications 
in cosmology, if the assumption that the radio sources 
are galaxies is correct, for it produces a form of evidence 
for and against the various current theories of the evolu- 
tion of the Universe. At the present time there are two 
basic theories, the evolutionary and the steady-state or 
continuous creation theories. The evolutionary theory 
suggests that the Universe had a singular origin in some 
form of superdense cloud or superatom, the “‘egg”’ from 
which the Universe was hatched. Some 5 or 6,000 
million years ago this ““egg”’ exploded or commenced to 
expand radially and as expansion continued the gas 
density decreased to such an extent that galaxies and 
clusters of galaxies were able to form. The expansion 
of the Universe has continued to the present day when it 
is recognized by the red-shift of the distant galaxies. 
The other theory does not assume any origin for the 
Universe nor does it suggest any boundaries as would 
be the case in the evolutionary theory. Instead it 
postulates a Universe that is infinite in both space and 
time, a general view at any time being very much the 
same as at any other time. The theory agrees that the 
Universe of galaxies is expanding, but instead of the 
recession leaving a void between the galaxies, as they 
recede from each other, new matter is being constantly 
created. This new matter, when the galaxies have receded 
from each other to a sufficient distance condenses into 




















a new galaxy. The receding galaxies expand into infinity 
and as it is assumed that the Universe has existed for 
an infinite time and will continue to exist into an infinite 
future there is no necessity for any explanation of origin. 
Also it can be seen that in this theory the spatial density 
will remain relatively constant. 

Thus it is obvious that the interpretation of the Cam- 
bridge results does not support this theory inits suggestion 
of an increase of density with space and time. But in the 
case of the evolutionary theory a good degree of support 
is evident. If, as is assumed, the spatial density increases 
from a distance of about 2 or 3 thousand million light 
years, this means that we are observing the Universe by 
means of the radio sources as it was 2 or 3 thousand 
million years ago, that is to say fairly soon after the 
assumed onset of expansion from the original super- 
dense cloud. According to the evolutionary theory, the 
spatial density at that time would be greater than now, 
so if we are indeed observing galaxies at the distances 
and times suggested, a strong degree of support is pro- 
duced for the theory. 

However, when this interpretation was postulated it 
was not accepted universally and even the basic assump- 
tion that the unidentified radio sources of the survey 
were the extragalactic sources as stated earlier was not 
agreed. The alternative suggestion was that the sources 
were small, intrinsically weak sources within our Galaxy, 
not visible optically. In spite of this suggestion which 
itself has many objections, the present view is that the 
unidentified radio sources are indeed extragalactic 
objects, perhaps galaxies in collision. 

But even with the controversy over the interpretation 
of the survey results this is far from being the end of the 
story. In 1956 Mills and Slee commenced a survey of 
the radio sources visible from the southern hemisphere, 
using the Mills Cross radio telescope. This instrument 
operating on a wavelength of 3-5 m. has a pencil beam 
resolution of 50 min. of arc and is considered to be a 
more efficient instrument than the Cambridge interfero- 
meter which has a complex reception pattern made even 
more complex by the fact that in addition to the main 
signal being received, there are numerous side lobe signals. 
These side lobe signals from sources not in the main 
beam of the telescope cause aerial confusion, interfering 
with the main signals and reducing the accuracy of the 
instrument. The Mills Cross is less liable to these 
disturbances and it was thought that in addition to 
checking the Cambridge survey it would produce even 
more accurate results. However, it was soon obvious 
that the first part of the intention was producing most 
surprising results for the numerous sources determined 
by the Mills Cross survey in the areas also covered by the 
Cambridge survey did not agree in source position and 
in many cases in intensity. The exceptions to this were 
the more intense sources. Such gross disagreement 
showed that at least one of the surveys was grossly 
inaccurate. A further discordant result of the Mills 
Cross survey was that the spatial density with distance 
increased only slightly, this increase probably being due 
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to instrument inaccuracies. Thus the interpretation of; 
the Mills survey is that the spatial density in distance ang 
time remains uniform and so does not deny the potep. 
tiality of the steady-state theory. 

The Cambridge workers had by this time realized thg | 
not only were there errors in their survey due to instry. 
mental confusion but that these errors were considerably 
worse than was first realized. Recently a second surye 
has been made at Cambridge with the big interferomete; 
but on this occasion using it at a wavelength of 1-9 m, 
With the shorter wavelength the resolving power of the | 
instrument is increased by a factor of 4 with resulting 
greater accuracy in positioning of the radio sources, | 
The survey is not yet complete, but an area common to 
both this survey and the one by Mills has been examined, 
Once again we have discordant results for within the| 
common area only one-third of the positions of sources | 
agree with those of the Mills survey and of the remaining 
two-thirds many do not agree at all and there is alsog 
considerable number of the Mills sources which cannot | 
be found in the second Cambridge survey. The results 
also confirm the earlier Cambridge survey in that the| 
spatial density is found to increase with distance, though 
not to quite the extent as indicated by the 1954 survey, 

Obviously this is not the end of the story and future 
surveys will have to be made with instruments that have| 
good resolving powers and are not liable to aerial con- 
fusions. The 250 ft. Jodrell Bank radio-telescope may be 
suitable for this purpose and a survey is planned with 
this instrument, though whether it will be sufficiently, 
accurate to solve the problem is a question that only} 
time can answer. It is too much to be hoped that the| 
whole problem of the evolution of the Universe will be 
solved by these radio methods but at the very least there 
should be some good indications in the future once the 
major difficulties have been overcome. 





My next vista is rather different from its predecessor 
for whereas radio emission from the Sun and the sources 
throughout the Universe is received on a wide band of 
the radio spectrum, there is one form receivable on one 
specific wavelength. This is the 21cm. wavelength 
radiation due to neutral hydrogen, suggested to be 
theoretically possible by van de Hulst in 1944 and con 
firmed observationally by Ewen and Purcell in 19951. 
Throughout the Universe there exists a large quantity of 
cool, hydrogen in a very stable state, invisible optically 
but emitting radiation on the wavelength of 21 cm. due, 
to a particular effect within the atoms themselves. As 
the radiation is emitted on one wavelength only the’ 
radio spectrum is a line spectrum with the 21 cm. line 
being the same type of feature as the visible light emission 
lines of particular elements. Investigations by means 0! 
this radio spectral line have been carried out in mafj| 
countries, particularly Holland and Australia, and have 
resulted in much valuable information. 

By far the most valuable and comprehensive cot | 
tribution has concerned investigations into the structure 
of galaxies, in particular our own Galaxy and the 
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Magellanic Clouds. For many years it has been 
accepted that our Galaxy is spiral in structure, but the 
optical astronomers have been unable to provide con- 
clusive proof of the general spirality because of the 
obscuring gas and dust clouds within the Galaxy. 
Recent optical observations with advanced photographic 
techniques have shown the presence of spirality in the 
neighbourhood of the Sun, and statistical studies have 
shown the association of certain stellar groups with spiral 
arms, but these have all been very parochial investiga- 
tions. From the optical evidence and _ theoretical 
considerations of our Galaxy and other external galaxies 
it is deduced that the Galactic nucleus will consist of 
stars with little or no intermingled gas and dust, and that 
the spiral arms will consist of stars with vast quantities 
of intermingled gas and dust, locally collected into 
clouds, but also spread throughout the arms. 

Because of the deduced presence of gas in the spiral 
arms it is anticipated that 21 cm. radio emission will 
originate in these regions, hydrogen being the most 
abundant element in the Universe. This is found to be 
the case and it is obvious that if the distribution of the 
neutral hydrogen can be traced by means of its 21 cm. 
emission, the general structure of the spiral arms is also 
being traced. Surveys with these aims have been 
carried out in Holland and Australia anda preliminary 
map of a large part of the Galaxy has resulted. This 
shows without any doubt the spirality of the Galaxy 
with many and complex arms. The hydrogen appears 
to be concentrated in a flattish layer only some 700 light 
years thick with the Sun located near the inner edge of 
one arm about two-thirds of the way from the centre 
of the Galaxy. The present picture is still very crude 
but the results are far superior to any produced by 
optical methods and as techniques and instruments 
improve, radio astronomy will be the major tool in 


) producing a comprehensive picture of Galactic structure. 
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The 21cm. radiation has other uses besides the 
spirality investigations and the future may see an exten- 
sion of these. It is known that the Galactic structure 
at various distances from the centre rotates about the 
centre with velocities which decrease with distance 
outwards. This results in the arms nearer the centre than 
the arm in which the Sun is located moving faster than 
the Sun’s arm, and those more distant moving slower. 
The absorption effect of a spectral line applies in the 
radio part of the spectrum equally as in the visible light 
part so we can apply the absorption effect of the 21 cm. 
radio line to general radio sources beyond the region of 
Origination of the 21 cm. radiation. In such a case the 
distant radio source would provide a continuous spectrum 
and the intervening neutral hydrogen would absorb at 
the wavelength of 21cm. This method has been 


applied in several instances so far, namely in deducing 


the distances of radio sources by observing the effect of 
the 21 cm. absorption. 

One particular instance of this effect is in the question 
of the radio emission which for many years has been 
known to come from the direction of the centre of the 


87 


Galaxy. Recently there has been a controversy as to 
whether the emission actually comes from the centre 
itself, some 27,000 light years distant, or whether it 
comes from an emission region in the direction of the 
centre but only at a distance of some 10,000 light years 
from the Sun. Optical methods are of little or no help 
here for the astronomer is severely limited in his observa- 
tions in these directions due to his looking into the most 
densely populated parts of the Galaxy where light from 
distant objects is blocked by clouds of stars and gas and 
dust. The 21 cm. observations show the existence of a 
spiral arm which is thought to be either within or very 
near the galactic nucleus, and this line emission absorbs 
the emission coming from the radio source in the 
direction of the centre of the Galaxy. This absorption 
effect if real suggests that the general radio source is 
behind the spiral arm and thus within the central nucleus 
of the Galaxy. If this determination is correct, the 
radio source known as Sagittarius-A is an observation 
of the Galactic nucleus, an observation impossible by 
means of optical instruments. 

A similar absorption effect investigation has also been 
applied to the intense Cassiopeia-A source and this 
source is found to lie between two spiral arms and has a 
distance of at least 10,000 light years. If these methods 
can be made fully accurate they will provide a general 
means of determining the distances of local radio sources, 
a means which is not at present possible with any great 
degree of accuracy. 

Outside our Galaxy, 21 cm. emission has been used to 
map the hydrogen distribution in the nearer external 
galaxies, such as the Magellanic Clouds. These surveys 
have shown some surprising results. For example, it is 
found that the Clouds are much larger in radio “light” 
than they are in visible light and also that the hydrogen 
content in both the smaller and larger Clouds is very 
much the same. The latter result is most surprising as 
optical observations have suggested that there would be 
a large difference between the two Clouds in the matter of 
gas content. 

As the absorption effect applies in the radio part of the 
spectrum as in the visible light section, so does the 
Doppler effect. This effect produces the well-known 
red-shift of the galaxies, a feature which was instrumental 
in showing the expansion of the Universe. In visible 
light spectra of the distant galaxies, the red-shift of the 
absorption lines is interpreted as recession. In radio 
astronomy in our investigations of the radio emission on 
21 cm., this spectral line, if the source is either moving 
towards or away from us should show a shift of wave- 
length. To date this effect has been confirmed in the 
case of the emission from the spiral arms of the Galaxy 
and also in two cases of external galaxies—the Cygnus-A 
source and the radio source associated with the Coma 
cluster of galaxies. The radio observations on 21 cm. 
of these objects show that their radio “‘red-shifts’”’ agree 
very closely with those observed on visible light wave- 
lengths. Unfortunately this method of distance deter- 
mination is very limited on radio wavelengths as it 














applies only to distant galaxies and their 21 cm. emissions 
are only very weak. However, future advances in 
telescope construction and techniques may improve this 
position, though it is doubtful whether it will ever be 
useful to any great extent. 

My final vista of radio astronomy brings us back once 
more to the Solar System, though not to the Sun this 
time. All the sources of radio noise so far discussed 
have been wholly gaseous objects—stars, clouds of gas, 
galaxies and collections of galaxies usually, apart from 
the neutral hydrogen emission, at high temperatures and 
often in violent internal motion. But in 1955, Burke and 
Franklin discovered radio noise originating in a most 
unexpected source, the cold, giant planet Jupiter. 
Although these radio astronomers were the first to make 
the announcement of discovery, a search of the records 
of the Australian radio astronomers in 1953 showed that 
they had at that time recorded radio noise from Jupiter. 
These earlier observations, however, had not been 
associated with the planet, being put down to some nearby 
man-made interference. 

The radio noise from Jupiter comes in series of high 
intensity bursts and when all the available records were 
examined it was concluded that the emission did not 
come from the planet as a whole but from a localized 
source or sources on the planet’s disc. These localized 
sources were found to have a period of rotation which 
agreed very well with the System II rotation period of the 
planet, the rotation period of latitudes away from the 
Equator. A search was made of the optical observations 
by members of the British Astronomical Association 
Jupiter Observing Section and it was seen that on each 
occasion of the reception of radio emission one or more 
of three white spots were present on the disc and the 
Great Red Spot was also in evidence. These spots were 
in the South Temperate regions and the conclusion was 
that they were the seats of the radio emission, this theory 
being strengthened when it was noted that the emission 
was more intense when one of the white spots passed 
close to the Red Spot. 

A reason for the radio noise was more difficult, 
however, than the identification of the sources and as 
yet the actual mechanism is unknown although several 
theories have been proposed. One of these is that 
within the thick Jovian atmosphere gigantic thunder- 
storms are taking place, lightning discharges resulting 
with radio emission in the same way that this occurs in 
the Earth’s atmosphere during a thunderstorm, though 
on a much grander scale. The white spots are assumed 
in this theory to be associated with these tremendous 
atmospheric disturbances, perhaps the summits of the 
storms. This theory is not generally accepted although 
there are few definite alternatives apart from the sugges- 
tion that the cause is associated with some mechanism 
resulting from the interaction between the differential 
rotation of the planet’s atmosphere and the planet’s 
magnetic field. Such a suggestion has been made to 
account for the radio emission associated with sunspots 
so it may be that this theory has more basis than the one 
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involving thunderstorms. However, even the associa. 
tion between the occurrence of radio emission and the 
presence of white and red spots has not yet been fully 
confirmed. This confirmation may be forthcoming if as 
continuous as possible coincidental radio and optica| 
observations are made over a long period. 

With the reception of radio emission from such 
planet as Jupiter, it was not too surprising when, in 1956, | io the 
Kraus obtained radio signals from Venus. These signals | This \ 
were found to be of two distinct types, which Kraus | jentat 
called Class I and Class II signals, the Class I being of be ag 
less than a second duration and the Class II being of a | emissi 
second or more duration. Venus is comparable with | Wh 
Jupiter in that it also is enveloped in a thick atmosphere, { invest 
so the thunderstorm theory was again invoked. These bess 
radio emissions from Venus may be very important in | of rad 
our investigations of the planet for our knowledge of this } tions 
close neighbour is very scanty indeed and any means of | theore 
obtaining more is to be welcomed. One way in which! A r 
these new techniques may be utilized is in the question \ receive 
of the rotation period of the planet. This has so far not | mentic 
been determined from optical considerations due to the possib! 
presence of the atmosphere masking the surface of the | more t 
planet and an absence of any sufficiently long-lived | This o 
definite markings. Kraus has attempted to deduce a | wavele 
period from the radio emission. He assumes that the | Sun. 
emissions originate from fixed points either on or above )by the 
the surface of the planet, rotating with the planet. The and al 
radio waves escape through the atmosphere at the point | This ty; 
immediately facing the Earth, the thinnest part of the } of the : 
apparent atmosphere which Kraus calls the ionospheric _inyestig 
hole, the radio waves escaping through the hole each time | obtaine 
the source passes beneath it. From these considerations | this ty, 
Kraus has determined a rotation period of 22 hr. 17 min. | found t 
+ 10min. However, as can be seen this theory is based }tions I< 
on several unconfirmed assumptions—whether Venus | three ds 
has indeed an ionosphere, whether the radio sources | Moon’s 
are fixed and so on—and consequently must be highly \centime 
suspect. But it does indicate a starting point in new|the upp 
methods of investigation of the planets. Radio | originat 
astronomy is but a young science and therefore no avenue {dust lay 
must be neglected in our attempts to build up a com: |for whe 
prehensive understanding of this new road to the stars. | —150° ¢ 

Of the other planets of the Solar System we have not | only abx 
such important or in some cases definite results. It has, The fi 
been thought that as Saturn is so similar in constitution |astronor 
to Jupiter it is highly probable that some radio emission |investiga 
will originate in that planet. At the beginning of 1957 jinto the: 
radio noise was recorded by two American astronomers jinvestiga 
and it has been tentatively concluded that these emissions | galaxies, 
came from Saturn. They came in bursts like those from |Moon ar 
Jupiter but were much more definite and long lived. jonly wit! 
From the observations a rotation period of the emitting |'0 comp} 
source has been determined and this is 10 hr. 22 min., a ffesearch 
period very similar to that of a white spot seen on the jgrows in 
disc in 1953. However, these results have yet to be con: openings 
firmed, but at first sight they appear more than likely may bec 
when one considers the constitution of the planet and its lar off de 
similarity to Jupiter. The next step to consider is the the radio 
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question whether, since radio emission has been recorded 
as coming from both Saturn and Jupiter, we can expect 
to find it also in the case of the two planets Uranus and 
Neptune as they are or appear to be very similar in con- 
stitution to the two nearer planets. Such a case is most 
probable although there is doubt whether any signals of 
this nature would be strong enough to be picked up due 
to the immense distances of the two planets concerned. 





This was the point considered before radio emission was 
tentatively identified as coming from Saturn, so we may 
be agreeably surprised with the intensity of any radio 
emission which may come from Uranus and Neptune. 

What is much more important, however, in radio 
investigations of the planets is to determine how the 
radio emission originates. This is one of the problems 
of radio astronomy for the future and further investiga- 
tions into the actual emissions may assist in any 
theoretical determination. 

A rather different type of radio emission has been 
received from the Moon, Marsand Venus. The radiation 
mentioned earlier as coming from Venus, Jupiter and 
possibly Saturn was radio emission on wavelengths of 
more than 10 m., originating in some manner unknown. 
This other type of radiation is found on centimetre 
wavelengths and is the direct result of radiation from the 
Sun. The total radiation emitted by the Sun is absorbed 
‘by the planet or satellite then is re-emitted as infra-red 
and also radio radiation on centimetre wavelengths. 
This type of radio radiation can be used in determinations 





of the } of the surface temperatures of the re-emitting body and 
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investigations to date have confirmed the temperatures 
obtained by optical methods. One interesting result of 
this type is associated with the Moon. It has been 
found that the temperatures shown by the radio observa- 
)tions lag behind the infra-red temperatures by about 
three days. The conclusion drawn from this is that the 
Moon’s surface is covered with a layer of dust some 
centimetres thick. The infra-red emission originates at 
the upper level of this dust layer but the radio waves 
originate at the actual surface of the Moon below the 
dust layer. The layer of dust must be a good insulator, 
for whereas the infra-red range of temperature is from 
-150° C. to 120° C., the radio range of temperature is 
only about 80°. 

The foregoing has shown several ways in which radio 
astronomy is developing; in techniques, in the possible 
investigation of the origin of cosmic rays, in research 
into the origin and evolution of the Universe and in a full 
investigation of the gaseous matter between the stars and 
galaxies, and in new methods of investigation of the 
Moon and planets. Some of these avenues are possible 
only with the use of radio techniques and others are able 
(0 complement and supplement the classical methods of 
research to the benefit of the latter. As the science 
grows in stature and efficiency there may be many more 
openings as yet unrealized where the new techniques 
may become most important and useful. Since those 
lar off days of 1931 when Karl Jansky first stumbled on 
lhe radio signals from space and realized to some extent 
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their significance many large steps have been taken and 
we are living in a time when each year will see some new 
advance in the field. A new race of scientists has even 
had to develop; whereas at the time of Jansky there 
were few radio workers who had much knowledge or 
even interest in astronomy, and few astronomers who 
knew much about radio, there are now many radio 
astronomers, experts in both astronomy and radio tech- 
niques. The years to come will see many advances in 
both techniques, theories and interpretations and no 
doubt in time radio astronomy will become a full science 
in its own right and not as it is to-day, merely a junior 
branch of general astronomy. 

Radio astronomy at the present time is almost fully 
reliant on the optical astronomers to confirm its findings ; 
if a radio source is discovered, before any definite con- 
clusions can be drawn a search must be made with 
optical instruments to identify optically the radio source. 
If this fails, that is more or less the end of the matter, 
conclusions being possible only in a statistical or theo- 
retical way. However, the future may hold some general 
theory which will enable the radio astronomers to deter- 
mine the nature of any radio source on discovery as is 
the case in optical astronomy at the present time. Until 
then radio astronomy must of necessity remain the baby 
brother, but its activity during the last fifteen years has 
shown that it is a most energetic baby. 
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Maligning the Moon 


In his “‘Autobiography” (1936), the late G. K. Chester- 
ton wrote thus of a fellow-member of a local debating 
club: 


**. . . She really had an obstinate objection to all those 
natural forces that seemed to be sterile or aimless; she 
did not care much for the sea, a spectacle of which I was 
very fond; and by the same instinct she was up against 
the moon, which she said looked like an imbecile.” 


90 


\ 


Books oop 

as a 

A 

By W. L. REXTON, M.sc. plar 

“Mi 

The 

Building up a library is no easy matter. Books these) but 


days are expensive, and anyone who wants to build up| worl 
a real stack of reference works will have to be prepared! Fi 
to spend a small fortune. Few of us can do that; on| who 


the other hand, many people like to have a balanced logy 
selection of books close by them. Personal choice js} Mak 
bound to be an important factor, but in this article {|| woo 





consider the best literary diet from an astronomical and} lishe 
astronautical point of view. but i 

Astronomy must come first, and we should begin with! its a; 
a good, clear, elementary introduction. One of the very} So 
best is ‘The Modern Universe,” by R. A. Lyttleton] real | 


propose to give a selected list which will provide what | Sma 


(Hodder & Stoughton), based on a series of television} with 
lectures given by Dr. Lyttleton some years ago. Thi writt 
puts one in possession of the background facts, and if} by A 


you are of an historical turn of mind you can augment it} that | 


with “Discovery of the Universe,’ by G. de Vaucouleur| appe: 
(Faber & Faber), which traces the development of} Even 
astronomy from early days up to the present time. librat 

Armchair astronomy is one thing, but personally I like) Ha 
to go further, and the book which has to me been} some 
invaluable is ““The Amateur Astronomer,” by Patrick mind 


Moore. This is the ideal book for the man who likes td Trave 
see for himself: there is a text which is full of informatior Socie 
one : 


and yet is delightfully easy reading, followed by a serie: 
of appendices which give all the facts one could want Resez 
coupled with star maps which make it easy to find one’) exper 
way around the sky. I only wish I had had this book) is pul 





thirty years ago, when I was myself a complete astro} wood 
nomical novice. It would have saved me a lot of time few t 
and worry. Encyc 

The Solar System considered in detail must come nex} publis 
on the list, and we must begin with the Moon. A maj As 
is essential, and that by T. G. Elger, published by Geo| nautic 
Philip & Son, is an efficient outline, enabling the use{ groun 
of a small telescope (or even binoculars) to tell one crate} “Rock 
from another. Two really good lunar volumes havé is in 





appeared of late; ““Guide to the Moon,” by Patricl active 
Moore (Collins Comet Books), and “Our Moon,” bi} subjec 
H. P. Wilkins (Muller). The former has the grea) Anoth 
advantage of costing only half-a-crown; the latter con) Space’ 
tains magnificent pictures. I have both, and althougi| introd 
the texts must overlap to some extent, | would not ne “Ra 
with either. (Benn) 

Mars has had many books devoted to it, but as a| capabi 
armchair astronaut I must select ‘““The Exploration ol teal pr 





Mars,” by Willy Ley (Sidgwick & Jackson). The| of the | 
magnificent illustrations by Chesley Bonestell add to tht} which 
value, and moreover, Ley gives a comprehensive, purel}} witha 
astronomical section before going on to space-trave) specul: 
problems. For Venus there is no choice, as there is only Roc! 
one published book; “The Planet Venus,” again bj Satellit 
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! patrick Moore (Faber & Faber), but this is no hardship, 


as all the information is there. 

Astronautically it is hardly worth considering other 
planets as yet, but I did succumb to temptation and buy 
“Man and the Planets,” by R. S. Richardson (Muller). 
The American edition was called “Across Space to Mars,” 
but I prefer the English title, as Mars is only one of the 
worlds dealt with. 

Finally, I wanted something about the Universe as a 
whole. Lyttleton had whetted my appetite for cosmo- 
logy, and after much browsing I selected “Stars in the 
Making,” by Cecilia Payne-Gaposchkin (Eyre & Spottis- 
woode). Also I bought “Stars in the Making,” by W. M. 
Smart (Longmans Green & Co.). The latter was pub- 
lished in 1950, and may be slightly dated in some respects, 
but it is so good a book that I was ready to put up with 
its age. 

So much for astronomy; now let us get down to the 
real business of space-travel. Here again we must begin 
with a comprehensive outline, and nobody has yet 
written anything to equal ‘““The Exploration of Space,”’ 
by A. C. Clarke (Temple Press). I am not surprised 
that this was a best-seller; I only hope that it will shortly 
appear in a revised edition, brought fully up to date. 
Even so, it is almost indispensable in the building of a 
library. 

Having mastered Clarke (as I thought!), I turned to 
something slightly more technical. Two books came to 
mind at once, and I acquired both; “‘Realities of Space 
Travel,’ written by members of the British Interplanetary 
Society and edited by L. J. Carter, which certainly gives 
one something to get one’s teeth into; and “Space 
Research and Exploration,” written by a panel of 
experts under the editorship of D. R. Bates. The former 
is published by Putnam, the latter by Eyre & Spottis- 
woode; both are splendid value. Not being sure of a 
few technical terms here and there, I added “Space 
Encyclopaedia,”’ another “‘panel of experts’’ production, 
published by Artemis Press. 

As with astronomy, one can hardly appreciate astro- 
nautics without having some knowledge of its back- 
ground. The official historian is Willy Ley, and his 
“Rockets, Missiles and Space Travel” (Chapman & Hall) 
is in a class by itself. Moreover, Ley was himself an 
active pioneer, so who is more qualified to write on the 
subject than he? Besides, he writes remarkably well. 
Another viewpoint is provided by P. E. Cleator in “Into 
Space” (George Allen & Unwin). This is a general 
introduction as well as a history, and I enjoyed it. 

“Rockets and Guided Missiles,” by John Humphries 
(Benn) followed. It was just within my _ technical 
capabilities, and when I finished it I felt that I had made 
teal progress. For relaxation I turned to “Exploration 
of the Moon,” by R. A. Smith and A. C. Clarke (Muller), 
which consists of a series of short texts each illustrated 
with a Smith drawing. Speculative, yes ; but intelligently 
speculative. 

Rockets are all very well, but what about Earth 
Satellites? I found two excellent books; ““The Making 
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of a Moon,” once more a work by A. C. Clarke (Muller), 
and “Operation Vanguard,” by Werner Buedeler 
(Burke). These had a decidedly American slant, and 
when I sought information about Russian progress I 
found some difficulty. The only published translation 
from the Russian which I could find did not appeal to 
me at all, and I was reduced to a small official booklet, 
‘Soviet Sputniks,”’ the Soviet News Booklet No. 25. It 
was excellent so far as it went, but it is not long, and since 
I am not prepared to learn Russian I have no alternative 
but to wait until something more detailed emerges. 
This is not to decry “Soviet Sputniks,”’ which is really 
highly informative. 

There were many other books I would have liked to 
buy, but financial considerations called a halt. At least 
I feel I have enough to give me a thorough grounding; 
after all I am only a layman, and space-travel is far 
removed from my own research line, archaeology. In 
any case, the reader who obtains some or all of the books 
I have mentioned here will have no cause for regret. If 
he wants something more advanced, crowded with 
mathematical equations, I fear I am in no position to 
offer advice. 








Tiltable Servicing Gantry built for the launching base at Cape 
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Reviews 


Space Exploration. Published by the National Book League, 
7, Albemarle Street, 1958. 


This booklet consists of a list of some 130 books dealing 
with astronomy and astronautics, with brief descriptions of 
each. The material has been well chosen, and the booklet 
will prove most useful. N. L. 
Sputnik into Space. By M. Vassiliev. Souvenir Press, 1958. 

15s. 

This book, written by Vassiliev under the supervision of the 
Russian scientist V. V. Dobronravov, must be regarded as a 
grave disappointment. The Sputniks themselves are men- 
tioned only briefly ; mistakes and misprints in the text are so 
numerous that it would be pointless to make any attempt to 
list them; and the style is atrocious—though the author can 
hardly be blamed for this, since the English version is a trans- 
lation from an Italian translation of the original Russian! 
The present reviewer must, regretfully, record that he can in 
no way recommend this book. H. W. 


The Planet Jupiter. By B. M. Peek. Faber & Faber, 1958. 
42s. 

Up to now no book dealing entirely with Jupiter has 
appeared. Peek, for many years Director of the Jupiter 
Section of the British Astronomical Association and one of 
the leading observers of the planet, has thus filled a serious 
gap in the literature. It would be difficult to find fault with 
this book ; it is certain to remain the standard work, and will 
doubtless run to many editions. Apart from one minor proof 
slip (a wrong photographic caption) the text is entirely free 
from errors, and both author and publisher deserve the 
highest congratulations. A more detailed review will appear 


in the Journal of the British Interplanetary Society. 
PATRICK Moore. 


The Amateur Astronomer. 2nd edn. By Patrick Moore. 
Lutterworth Press, 1958. 317 pp., illus. 25s. 

The second edition of this book has needed little revision, 
since the first edition appeared only a year ago. Where 
relevant, the author has, however, included new information— 
such as the revised values of star magnitudes and planetary 
diameters—and the bibliography has also been extended to 
include the latest books. 


Correspondence 


Sir,—In his very interesting article “Meteorites and the 
Origin of Life,” M. H. Briggs gives two main proposals to 
account for the origin of life on Earth. As many scientists 
believe that the universe is expanding at a terrific rate, due 
to some tremendous explosion in the far distant past, is it 
not probable that the materials from which life evolved, 
already existed at that period,.and as a consequence were 
scattered throughout the whole of space. The evolution of 
life on Earth could, therefore, be repeated on any planet 
throughout the universe, once the conditions favourable to 
the development of life had been reached. Is this not a more 
reasonable explanation of the origin of Life on Earth, than 
the very ““chancy” theory of a meteorite grazing our planet; 


Yours faithfully, 
H. Brown. 
Carlisle 
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Sir,—Certain statements which I made in The Space 
Encyclopedia have been challenged by Mr. A. Morris and 
Mr. H. E. Ross, whose letters you published in July and 
October of last year. I welcome an opportunity to clarify 
and defend what Mr. Ross called my “wholesale condemna- 
tion of manned space-stations as useless and uneconomic”’, 

Reference to p. 235 of the book will show that I limited 
my remarks to stations assembled in orbit; 1 said that such 
stations could serve no purpose that is not better served jp 
other ways. By “other ways” I meant primarily the manned 
temporary satellite vehicle, and larger research posts on the 
Moon. I therefore claim to be vindicated if it can be shown 
that between them they can fulfil all the functions of an orbit- 
assembled station. 

You may, Sir, have an obsolescent reader or two who will 
now object that space-stations are a pre-requisite of travel to 
the Moon, that they will be needed for fresh supplies of 
propellents or as launching platforms for lighter vehicles 
to which they will impart their own considerable velocity, 
But I note that even Mr. Morris was careful to ascribe this | 
view to others than himself, and since then the Russians have 
placed a pay-load of 26 cwt. into an impressively high orbit | 
without the use of nuclear energy. 





Further improvements | 
in technique have been forthcoming to provide the extra 
2 miles/sec. needed to reach the Moon. 

Let us now examine the possible functions of space-stations, 
Mr. Ross agrees that they are too vulnerable for military 
purposes; reconnaissance from such altitudes must be futile, | 
and bombardment or interception of hostile rockets is a task 
better suited to missiles. As a radar outpost a station would 
light the way to its own destruction. A satellite radio relay 
is already being considered but will be an unmanned, one- , 
shot structure if it is built at all. 

My personal belief is that until our meteorological expert | 
learn to look out of a window or purchase some sea-weed 
we should not confuse them further by giving them a space: | 
station. Gravity research is another matter: but are any 
experiments contemplated that require so much time and 
space that they cannot be conducted from a manned rocket 
staying in free fall for some days or perhaps weeks? 

There remains the function of a space station as an 
astronomical and physical observatory. The study of matter 
and radiation in interplanetary space could have no better 
platform, but again it is difficult to think of work that could 
not be accomplished by small manned or unmanned vehicles. 
For all other purposes an establishment on the surface of the 
Moon seems to me better suited and no more difficult to 
construct than the giant stations envisaged by some designers. 
Moreover, if there is indeed some slight atmosphere on the 
Moon it may well protect a station there from meteoric 
erosion without hindering the work of optical and radio 
telescopes unduly. Perhaps another reader can tell us 
whether an atmospheric density of 0-076 millibars (ten times 
the maximum possible according to A. Dollfus) could cause 
any significant absorption or interfere with optical observa- 
tions on the sunlit side; the latter would in any case be only a 
fortnightly inconvenience. 

Both my critics deny that space-stations will be ludicrously 
uneconomic. Mr. Morris says rather vaguely that they 
“will justify the outlay”. Justify it to whom? The average 
tax-payer does not share our enthusiasm for space research; 
his is the purse that swept a thousand ships off the drawing 
boards, and space-ships will fare no better. Four years ago 
Dr. R. Engel assessed the total cost of a station based on Mr. 
Ross’ famous design at 750 million dollars—a modest fraction 
of the amount that has already been required to make the | 
Atlas serviceable and bring the Vanguard to its birthpangs. 

Who, then, can and will finance these mighty Leviathan | 
Let us be realistic, let us forget the “‘small gym halls” with | 
which Prof. Oberth believes crews of the first few space 
stations will have to content themselves, and accept the fact 
that interplanetary space doesn’t pay, whereas the Moon might | 

| 
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in the distant future give those material rewards which alone 
evoke the material support needed for such a venture. I, too, 
should like such considerations to remain earthbound, but 
cannot believe that they will. 

Yours, etc., 

M. T. Bizony. 

25, Walpole Street, 
London, S.W.3. 


Sir,—May I raise a point from Arthur Clark’s interesting 
letter from Ceylon? I once asked a class of Arab students 
in Bahrain, Persian Gulf, about this question of divers 
exhaling. I was told flatly by one who was an ex-pearl-diver 
that he had never done this. Later I watched divers closely. 
Certainly they all practised hyperventilation, but I never saw 
one exhale before submerging, quite the reverse. They 
were going down about 60 ft. on weighted ropes. 

I should be interested to know if Colombo divers practice 
the exhaling technique, and, if so, whether they are more 
efficient divers. What about the famous Japanese women 
divers? This is only slightly relevant to astronautical topics, 
I know, but I think that opinions and techniques differ 
widely on the matter of skin diving. The diver has to deal 
with extra pressure from without, not loss of pressure, like 
the hypothetical astronaut. Can any expert enlighten me? 

Yours faithfully, 
J. H. STOWELL. 
London, W.5 
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North American X-15. Equipped with 1300 Ib. of in- 
strumentation including 600 temperature pickups and 150 
pressure pickups to measure pilot reaction to controls, vehicle 
response and control positions. The X-15 is 50 ft. long, 
13 ft. high and has a wing-span of 22 ft. 


Courtesy: North American Aviation, Inc 


ASTRONAUTICAL GLEANINGS 
By “Ursus” 


Let us begin on a despairing note—with a letter in the 
American Saturday Review of Literature. It appeared last 
year, but has not so far received the acknowledgment which 
it merits. It was written by a gentleman named Hagbard 
Ekerold, and contained the following pronouncement: “‘I 
have been a student of dynamics and celestial mechanics for 
close to sixty years, and I can say unqualifiedly that space- 
travel is an absolute (and eternal) impossibility. The whole 
space-station project is so nonsensical that the only word to 
describe it among really informed people is Nerts’. Nerts, 
of course, is the Transatlantic form of the Anglo-Saxon nuts, 
and this letter alone is enough to demonstrate that there 
are plenty of nuts in the New World. 

Fortunately, there are also many enthusiasts, and it is sad 
to learn that enthusiasm is sometimes a little nebulous. This 
is evidenced by a letter recently received, as follows: “*We 
have just formed an Interplanetary Society. Can you please 
tell us what to do next?’ This is a question which deserves 
the most serious consideration; but at least we may take 
heart from the fact that there is already an Interplanetary 
Friendship Association, whose members are deeply concerned 
with promoting peace and goodwill between ourselves and our 


} friends from Outer Space. 


Beings from other planets have indeed been in the news once 
more, and not long ago there was a fascinating programme on 
Independent Television in which the speaker—of the fair sex, 
by the way—described her meeting with a Martian. She 
had positive proof that her visitor was really a Martian, 
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because “he came in through the window”. (Presumably 
anyone coming down the chimney would qualify as a 
Mercurian, while to appear from a trapdoor in the floor 
would be strongly indicative of Plutonian nationality.) 

On the other hand it would be wrong to devote all our 
attention to space matters, and it has been suggested that we 
may want to use rockets for a much more immediate purpose. 
Dr. Barber, who is the leading light of the “Barber Scientific 
Foundation’”’, in America, is of this opinion, and has recently 
published a book entitled Disaster Worse than the H-Bomb. 
He considers that the Earth’s axis is about to tilt, and that this 
will cause the seas to sweep over the lands, causing a flood 
which will make Noah’s seem like a very minor puddle. 
However, it is clear that he has a practical mind, as he 
suggests remedies. One possibility is to urge all Govern- 
ments to build boats and moor them at every street corner; 
another is to halt the tilt as soon as it starts by fastening 
large jets to the side of a mountain and giving a prolonged 
blast in the opposite direction. . . . 

Finally, it would be wrong not torefer to an equally profound 
work, recently published in London under the title The Race 
to the Moon. This has been dictated by the chief scientist of 
the planet Venus, and has been transmitted to Earth tele- 
pathically, so that it is written in excellent English. In the 
Frontispiece we see a space-craft fitted with every modern 
convenience, including repulsion rods (charged so that they 
repel meteorites) and even oscillating circuits to condense 
cosmic rays. On the first page of text we are given a serious 



























warning. When we approach the Moon in our rocket-ships, 
we must not try to land on the far side, as this is used by 
Mars; we must “approach the left-hand side of the face of 
the Moon’’, when we will see domed glass buildings and will 
be met by a full reception committee. 

At least this is a pleasant prospect, and makes the whole 
astronautical idea seem even more attractive. Those who 
favour the prospect of a conducted tour round the lunar 
craters are advised to book early. 


Satellite Tracking Cameras 


In the April 1958, number of Spaceflight an article 
appeared on the photography of Earth satellites. The 
author produced creditable photographs with a Leica 
camera, but mentioned the complicated and expensive 
tracking cameras being set up in the United States to 
provide scientists with extremely accurate data on the 
movements of satellites. We feel that readers might be 
interested to learn more about these instruments, which 
are capable of locating a satellite in the sky to within 
2 seconds of arc. 

The size of each camera can be judged from the 
photograph showing one being set up. Twelve have 
been built, mainly as a joint effort by the Perkin-Elmer 
Corporation (which made the optical system) and Boller 
& Chivens Inc. who are responsible for the mechanical 
design and assembly. The cameras are located at sites 
throughout the world—in America, Australia, Japan, 
India, and Spain—and the data collected by them is sent 
to the Smithsonian Astrophysical Observatory at 
Cambridge, Massachusetts, for evaluation. 

The optical system, as shown in the diagram, consists 
mainly of a 31 in. diameter concave mirror and three 
20 in. diameter correcting lenses. 55mm. film is 
stretched over a curved surface at the focus of the 
mirrer and each exposure takes about | ft. of film. 
Two pictures are taken on each strip of film; the first is 
taken while the camera is fixed on and following the 
satellite, giving a picture of the satellite as a point against 
a background of streaks from the brightest stars. The 
second exposure is made while the camera is fixed on the 
stars and moves with them, providing the reference from 
which the position of the satellite can be determined. 
The time to the nearest thousandth of a second is also 
recorded on the first picture. Once the controls have 
been set from a knowledge of the satellite’s expected 
orbit, the operation of the camera is automatic and up 
to 100 separate exposures could be made during a 
single crossing of a satellite. 

From the extremely accurate information gathered by 
these cameras the Smithsonian Observatory expects to 
learn more about the density of the upper atmosphere 
and to be able to measure the shape of the Earth more 
accurately. For instance, it should become possible to 
measure the distances between continents to within 
10 yards. 


Don Karshan. 
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In January, 1959, the Russians once again achieved 
4 notable “‘first’’ in the field of astronautics. On the 
second day they launched a successful Moon probe, 
immediately popularized by the World’s press as the 
Lunik or Planet Ten. Except for the small unguided, 
uninstrumented and untracked shrapnel-like artificial 
meteors fired from a rocket by Professor Zwicky in the 
U.S., the Russian probe was the first man-manufactured 
object to reach escape velocity, and thereby get beyond 
effective reach of the gravitational pull of the earth. 
It is now apparently in orbit around the Sun, as the 
Solar System’s first artificial planet. 

As with previous Russian satellites, not only was mere 
achievement, in this case of reaching escape velocity, 
cause for congratulations, but the weight of the probe- 
796 lb.—was much greater than had been envisaged for 
fihis important step in astronautics. If anybody had 
suggested, even as recently as two years ago, that the 
first Moon probe would weigh nearly half a ton, he 
would have been accorded short shrift by most Western 
experts. But, once again the world has been given a 
| dramatic demonstration of the impressive capacity of 
¥ launching vehicles available to Russian scientists. 

According to Pravda, “the multi-stage launching 
vehicle took off vertically, under control of the pro- 
grammed mechanism of the automatic guidance system. 
As the vehicle gained speed the trajectory gradually 
deviated from the vertical.” The weight of the final 
stage is given as 3,245 lb., and separation of the instru- 
)ment package itself took place after burn-out. 

The prove reached the vicinity of the Moon in 34 
hours, and this time, perhaps, need explaining. For a 
great number of years the B.1.S. has invariably given the 
time for a journey to the Moon as five days. This figure 
was obtained by assuming a “‘minimal” trajectory, that 
is, a trajectory using the minimum amount of propellant. 
‘in such a journey escape velocity is just reached under 
power, the mission being completed by the vehicle 
coasting unpowered. As the Moon is approached the 
speed has all but dropped to zero through the gravi- 
ational retardation of the Earth. However, if the 
*scape velocity is exceeded by only a small amount, the 
yllme required for the 240,000 mile journey reduces 
fapidly. For example, with an initial velocity of 11-1 
km./sec. the transit time is 116 hours, but if this is 
increased to 11-2 km./sec. the time drops to 49 hours, 
and at 12-2 km./sec. it would be only 19 hours. 
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Russia’s Moon Probe 


By MAURICE ALLWARD 


An account based on tele-printer reports from Pravda and Moscow Radio 


Instrumentation 


Instrumentation of the Russian probe is extensive and 
includes the following :— 


(a) Radio transmitter. 

(b) Telemetry equipment. 

(c) Facilities for measuring the rocket’s 
temperature and pressure. 

(d) Photon counters for studying the gas constituent 
of interplanetary substances and corpuscular 
radiation of the Sun. 

(e) Equipment for measuring the magnetic field of 
the Earth and detecting the magnetic field of the 
Moon. This was the first experiment for the 
direct measurement of the magnetic field of a 
planet. 

(f) Two charged particle counters and photo ampli- 

fiers with crystals for :— 
detecting heavy nuclei 
radiation. 
registering the intensity and variation of cosmic 
rays. 
registering photons in cosmic radiation. 

(zg) Two ballistic pezoelectric metres of ammonium 
phosphate for registering impact of micro-meteoric 
particles. 


internal 


in primary cosmic 


At least four transmitters were used to send back 
the recordings of the probe’s instruments. Three of them 
sent coded messages in the 20 megacycle region, while the 
fourth transmitted on the higher frequency of 18-36 
megacycles and apparently served as a radio beacon to 
assist tracking. 

Power supplies were provided by a silver zinc storage 
battery, and a mercury oxide battery. 


Artificial Comet 

When it was well on its way, some 70,000 miles from 
the Earth on 3 January, at 03.57 hours (Moscow time), 
a timing device released a cloud of sodium vapour to 
assist optical observations. This dispersed in space 
and glowed brightly in the sunlight like the tail of a 
miniature comet. The sky over Moscow was overcast 
at the time, but a station at Alma-Ata, in Kazakstan, is 
said to have obtained pictures with specially-designed 
optical equipment. 











A great complex of measuring facilities throughout 
the U.S.S.R. was used to observe the flight of the probe, 
and to measure the parameters of its orbit and to receive 
the telemetered data. 

Among the facilities were said to be a group of auto- 
mated radar installations used for accurate measure- 
ments during the early part of the flight; a radio system 
for controlling the rocket’s trajectory; a group of radio- 
telemetering stations to pick up information transmitted 
from the probe; and equipment for observing and 
photographing the cometary cloud. 

The data received are being sifted and centralized by 
a co-ordinating and computing centre by means of 
electronic computing machines. Reliable measure- 
ments of the trajectory of the rocket were obtained up 
to distances of some 300,000 miles. 


Trajectory Data 

At 2.59 a.m. G.M.T. on Sunday, 4 January, according 
to the Soviet News Agency TJass, the probe passed west 
of the Moon, with all instruments and transmitters 
functioning normally. Contrary to previous reports, 
the distance by which it missed the Moon is now esti- 
mated to be 3,125-4,375 miles. The overall aim of the 
launching team was thus very good, the miss representing 
an error of only slightly more than 1°. By contrast the 
U.S. Pioneer III deviated by 3-5°, and had it reached 
the Moon would have missed by 15,000 miles. Pioneer 
IV, the successful U.S. Moon probe, deviated even more. 

The speed as it passed the Moon was 5,500 m.p.h. 
and the internal temperature and that of the exterior 
skin, both reported to be 10—15° C. 

At 22.00 hours (Moscow time) the probe was 318,750 
miles from the Earth. At 9.00 a.m. G.M.T. the same 
day it was 265,000 miles and 37,500 miles beyond the 
Moon. Radio contact was last made on Monday, 5 
January, at 7 a.m. G.M.T., by which time the probe's 
distance from the Earth was 371,000 miles. 

At this distance the Earth’s gravity affected the probe 
so slightly that it could be considered to be moving only 
under the attraction of the Sun as an artificial planet. 
The Russians gave the time when the Sun “took over 
control” as between 7 and 8 January. 

The probe’s orbital period is 450 days, or about 15 
months. It reached perihelion—its closest position to 
the Sun, 91-5 million miles, on 14 January, and will 
reach aphelion, the maximum distance, 122-5 million 
miles, at the beginning of September. 

The life of the probe may well be reckoned in millions 
of years. Some Russian scientists have stated that it 
will never return to the Earth, but in time the probe's 
orbit will come near that of the Earth. During one 
such near miss the probe might well be “captured” by 
the gravitational pull of the Earth-Moon system, or it 
could conceivably hit the Earth’s atmosphere and burn 
up. Maximum distance between the Earth and the 
probe will be about 220 million miles. 

Characteristics of the computed orbit, without taking 
into account disturbances which might be caused by 


planets and other bodies, include an eccentricity 
0-148 (Earth’s = 0-017) and a delination to the plane @ 
of the orbit of the Earth of about 1°, which is very small | 


Mysteries Remain 


An account of this historic event would not be com.) ) 


plete without reference to one or two mysteries surround. 
ing the launching. 

Mystery number | is that the probe’s precise where. 
abouts were not confirmed outside the Soviet Uniop, 
Faint signals of a kind were apparently monitored by 
several U.S. stations, but these were not positive. Why ts 
The frequencies were undoubtedly not those belatedly 
put out by the Russians. At the time the probe was 
according to the Russians, about to pass within 5,0 
miles of the Moon, Jodrell Bank searched carefully by 
picked nothing up, although positioned favourabl 
Why? 

Another mystery is the very short life of the satellite’ 
batteries, in view of its alleged weight of 796 lb. Theg 
undoubtedly gave out after an exceedingly short time. 

Although the Lunik was launched after the Inter 
national Geophysical Year officially ended, the Russia 
have announced they intend to make the data obtainef 
available to the I.G.Y. authorities. It is to be hoped 
that they will do this with the speed and efficiency with 
which they launch their equipment. 





Travel is 
our business 


The organisers of International Exhibitions and 
Congresses have for many years recognised the 
value of entrusting travel and accommodation 
arrangements to acknowledged experts. Cooks, 
with their global network of branches, provide a 
service par excellence. We are, therefore, privi- 
leged to have been appointed official agents on 
the occasion of the 10th International Astro- 
nautical Congress to be held this year in London 
from August 3lst to September 5th, and hope 
that no matter from which corner of the earth the 
delegates come, they have a profitable journey... 


COOKS 


WORLD TRAVEL SERVICE 
45, BERKELEY STREET, LONDON, W.1. 
and 72 branches in the United Kingdom 
587 FIFTH AVENUE, NEW YORK 17. 
and 32 branches throughout U.S.A. & Canada. 


400 branches throughout the world. 

















